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Foreword
At its second session, in May 1995, the United Nations
Commission on Science and Technology for
Development (UNCSTD) chose the topic of information
technology (IT) and development as its main theme for
the next session in1997.AWorkingGroupwas established
to study the particular problems of access to and use of
IT by developing countries.The main taskwas to prepare
a short report for consideration by theCommission.
In the course of its review, the Working Group commis-
sioned a number of background reports and requested
the UNCTAD secretariat to undertake a review of
United Nations activities in this area. It convened a
scenario-building workshop and bene¢ted from other
papers and reports made available to it by the United
NationsUniversity Institute for NewTechnology (UNU/
INTECH) in Maastricht, the International
Development Research Centre (IDRC) in Ottawa, and
the InstitutoColombiano para el Desarrollo y la Ciencia y
laTecnolog|¨ a (COLCIENCIAS) in Bogota.TheWorking
Group also became aware of many other studies and
reports which are germane to the topic.
Initially, priority was given to the preparation of the short
policy report.This document is summarised in Annex 3
of the present report. It soon became apparent, however,
that the huge amount of relevant material could not be
considered adequately in the short report. Itwas therefore
decidedtoaskProfessorRobinMansell to takeresponsibil-
ity for preparing a report which would do greater justice
to the wealth of accumulated knowledge.The goal was to
produce a source bookwhichwould be useful for govern-
ment o¤cials, private sector ¢rms, and academic
researchers and which would provide a systematic review
of available information on the topic. Professor Mansell
was also encouraged to collect additional short statements
from leading authorities to complement the available
information.
The outline of this report was originally developed at a
planning meeting in Cartagena, Colombia, modi¢ed and
expanded by Ludovico Alcorta of UNU/INTECH,
revised by Robin Mansell, and ¢nally approved by the
Working Group in Mumbai, India, in January 1997.
ProfessorMansell was given full responsibility for solicit-
ing additional contributions and, together with her
colleague Uta Wehn, for preparing the ¢rst draft of the
report.This ¢rst draft was reviewed by an Editorial Board
of the Commission in Ocho Rios, Jamaica, in April 1997,
revised and made available for comments by UNCSTD
members inMay1997, and further revised for submission
to the Editorial Board inAugust1997.
Major¢nancial support for theprojectwasprovidedbythe
Government of the Netherlands. The Governments of
Colombia, India, and Jamaica ¢nanced meetings of the
Working Group on IT and Development and of the
Editorial Board. The IDRC, Canada, and the
Government of Colombia provided further ¢nancial
support for the project.
Although the Working Group has acted as an advisory
group for the production of the report, full editorial
responsibility rests with Professor Mansell and Uta
Wehn.The views expressed in this publication are those
of the authors/editors and do not necessarily re£ect the
views of theUnitedNations.
Asbe¢tsareportpreparedundertheauspicesoftheUnited
Nations Commission on Science and Technology for
Development, it takes a deliberate science, technology,
and innovation policy perspective on the topic. It is this
perspective, plus the fact that it sets out to consider the
implications of the ITrevolution for developing countries
and countries in transition, which provides its unique
approach.
Where there are alternative viewpoints on key issues, the
report attempts topresentbotharguments and,inparticu-
lar, to ensure that the developing country perspective is
clearly articulated.
WorkingGroupCo-Chairs
FernandoChaparro (Colombia)
Geo¡reyOldham (UnitedKingdom)
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Editors' introduction
Advanced microelectronics-based information and com-
munication technologies (ICTs) are at the heart of recent
socialandeconomictransformations inboththe industria-
lised and many developing countries. The costs of ICTs
are continuing to fall. As their capabilities increase, they
are being applied throughout all sectors of economies
and societies. The increasing spread of ICTs opens up
new opportunities for developing countries to harness
these technologies andservices toserve their development
goals.In the last fewyears,therehavebeenmany initiatives
at the highest levels of government and industry to
promote the construction of a global information infra-
structure. Developing countries are being encouraged to
invest in their national information infrastructures so
thattheycanparticipate inknowledge-based development
andexperience thepredictedsocialandeconomicbene¢ts.
Between 1995 and 1997, the United Nations Commission
on Science and Technology for Development
(UNCSTD) investigated claims and counterclaims about
the bene¢ts and risks of ICTs. Members of the
Commission's Working Group on IT and Development
examined the available evidence on the experiences of
developing countries. They found that there are many
instances where the use of ICTs is bringing widespread
social and economic bene¢ts. However, there are as many
instances where ICTs are making no di¡erence to the
lives of people in developing countries or are even having
harmful e¡ects. They also found that the di¡usion of
these technologies is extremely uneven throughout the
developingworld.There is averyhigh risk that these tech-
nologies and services will deepen the disadvantages of
thosewithoutthe skills andcapabilities tomake the invest-
ments required for building innovative `knowledge
societies'.
The members of the Working Group concluded that
although the costs of using ICTs are high, the costs of not
doing so are likely tobemuchhigher.Theyalso recognised
that developing countries are at very di¡erent starting
positions in the task of building distinctive `knowledge
societies' to support their development objectives. The
Working Group recommended that each developing
country should establish a national ICT strategy. This
recommendation was accepted by the United Nations
Commission on Science and Technology for Develop-
ment and, subsequently, by the United Nations
Economic and Social Council.
This `source book' synthesises views on the issues and
controversies that were debated by members of the
WorkingGroup. It o¡ers policy-oriented perspectives on
three major sets of issues - constructing and accessing
the ICT infrastructure, building capabilities and skills for
producing or using ICTs and services, and preparing the
framework of strategies, policies, and regulations that
will help to ensure that developing countries can move
towards innovative `knowledge societies' that support
their development goals.
Thereport is intendedtobearesourcefordecision-makers
and ICT producers and users, primarily in developing
countries. The objective has been to gather together
information toassist themin theirdebates and discussions
about the social and economic impact of ICTs. It brings
together theviewsofgovernmentpolicy-makers, industri-
alists, researchers, and other stakeholders in developing
and industrialised countries and it draws substantially on
the results ofresearch in the¢eldofscienceand technology
policy studies.
The report is intendedtobe a`sourcebook'. It is structured
to identify current knowledge about issues that are
central to whether developing countries will be able to
harness ICTs to meet their development needs. Readers
will ¢nd that each chapter contains an overview of the
issues on a particular theme, illustrations drawn from the
experiences of both the wealthier and poorest developing
countries, and a summary of priorities.
An overview of why it is important for developing coun-
tries to design and implement national ICTstrategies is
presented in Chapter 1.This chapter emphasises the fact
that ICTs and `digital' information must be combined
with local human resources and tacit knowledge if they
are to be helpful in addressing development problems.
Major investmentsarerequiredinboththesocialand tech-
nological infrastructure and, for the least developed
countries, ways must be found to build on a very small
base of existing ICT-related skills and competencies.
Chapter2introducesempiricalevidenceonthedi¡usionof
ICTs and accumulation of capabilities for producing or
using these technologies by people in developing coun-
tries. Existing data are used to develop an INEXSK
(INfrastructure, EXperience, Skills, Knowledge) indica-
tors approach which is used to map the strengths and
weaknesses of those developing countries for which data
are available and to compare the `footprints' of selected
countries. This approach was developed at the Science
Policy Research Unit to assess what is known about the
emerging `gaps' in the ICT infrastructure and skills
development between developing and industrialised
countries. The chapter highlights the fact that available
data do not allow us to measure the nature and quality of
human `capital', that is, the skills and capabilities that are
essential for knowledge-based development.
1
Chapter3outlines ourcurrentknowledge about technolo-
gical innovation and the learning process. The
importance of organisational learning and creative
responses to the challenges of managing technological
innovation are emphasised. The importance of local
knowledge, the understanding of user requirements, and
the nature of upstream and downstream value chains are
highlighted.The implications of newmodes of knowledge
generation for the education and science and technology
research base in developing countries are also examined.
Chapter 4 focuses on the formal and informal institutions
where learning takes place. This chapter points to the
major changes in education institutions that will be
neededto support lifelonglearning,aswell as to the advan-
tages and disadvantages of new forms of distance
educationwhich can be supported by ICTapplications. It
showsthatgovernments andnon-governmental organisa-
tions are playing an increasingly important role in
empowering citizens by building new capabilities for
using ICTs to participate more e¡ectively in civil society.
It also emphasises the potential threats associated with
content that is unsuited to social and cultural traditions
in developing countries and the factors contributing to
the exclusion of people who are already disadvantaged.
Chapters 5 and 6 illustrate the potential applications of
ICTs for sustainable development. Chapter 5 focuses on
the leading developments in the application of ICTs to
facilitate the provision of public services, achieve produc-
tivity gains, improve the quality of life for citizens,
enhance access to information, and facilitate knowledge
sharing. Applications in the manufacturing and public
administration, transport, health, education, and agricul-
ture sectors are highlighted, together with those aimed at
supporting urban and rural development, people with
special needs, and environment protection programmes.
The growing importance of electronic commerce and the
role of ICTs in the tourism and transport sectors are
emphasised. The wealthier developing countries are
investing in the human and technological infrastructure
that is needed tounleash the potential of ICT applications
for development. The least developed countries face a
high risk of exclusion because they are less well-endowed
with the human, physical, and ¢nancial resources needed
to build capabilities and a widely accessible information
infrastructure. Chapter 6 highlights the need for creative
approaches to sharing limited ICT resources and the
potential bene¢ts of regional cooperation initiatives. It
also emphasises the need for alternativemodels of provid-
ing infrastructure access in these countries.
Chapters 7 and 8 review the barriers and opportunities for
developing countries in assembling the components of
national information infrastructures and ensuring that
they are accessible to as many people as possible. Chapter
7 shows that some developing countries have built up a
considerable knowledge base for producing certain infra-
structure components. Investment in science and
technology research, programmes to stimulate ICT hard-
ware and software production, and initiatives to promote
electronic commerce and the use of information services
are helping to build new capabilities.Telecommunication
networks (including access to the Internet) are being
upgraded, production capabilities for hardware and soft-
ware are growing, and the generic skills for knowledge-
based development are accumulating. Other countries
are very far behind in developing the capabilities to
assemble, maintain, and operate the underlying techno-
logical infrastructure.
Chapter8concentratesonarrangementsforaccessinglocal
and global networks and `digital' information sources.
The opportunities and pitfalls of market liberalisation in
the economies in transition, Latin America, India,
China,andtheASEANregionshowthatpoliciesandregu-
lations are needed to ensure that market-led
development does not produce new `dualisms' or `access
gaps' between thewealthier andpoorer people in develop-
ing economies.The need to couple market liberalisation,
privatisation, and competitive entry policies with invest-
ment strategies that are responsive to each country's
particular conditions is emphasised. The very great
problems facingthe leastdevelopedcountries in attracting
investors are highlighted.
Developments in the policies andthe`rules of the game' in
the international ICT marketplace provide the focus for
Chapters 9 and 10. Chapter 9 looks at the tensions
between measures to open developing country markets
to globally competing telecommunication companies
and those aimed at retaining national control over the
development of the telecommunication infrastructure. A
large number of international institutions, including the
International Telecommunication Union and the World
TradeOrganization, are setting the rules for trade in tele-
communication services. This chapter assesses the risk
that the poorest countries will be bypassed as new rules
about market access are introduced and tari¡ barriers are
reduced to encourage an expansion of trade in ICTs.
Chapter10 focuses on the role of the international govern-
ance system in shaping the global expansion of
information services markets. Recent developments in
intellectual property rights that aim to protect the
economic interests of information service producers are
also summarised. Electronic commerce which is leading
¢rms to seek greater network security using measures to
protect intellectual property and to secure networks from
unwanted intrusions is creating challenges for national
governments.This chapter reviews e¡orts to control crim-
inal or destructive behaviour, to maintain national
security, and to protect personal privacy.
Chapter11turns to the practicalmeasures that developing
countries can take to put national or regional ICT strate-
gies in place. Some countries like Bermuda, with its
`Information Island of the 21
st
century' vision, and
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Singapore, with its `Intelligent Island' vision, alreadyhave
national strategies in place. Chapter 11 shows that in
some developing countries ICTstrategies are proving to
beverye¡ective instrengtheninghumanandtechnological
capabilities. However, in other countries, visions are
needed and these must be translated into action. This
chapter o¡ers practical guidelines for decision-makers
who want to promote opportunities for innovative
knowledge-based development. There are no simple
recipes for success and investment in ICTs is not a
panacea for development problems. However, there is
evidence that social and economic resources can be mobi-
lised to provide a basis for using ICTs to tackle
development problems.The UNCSTDWorking Group
on ITandDevelopment has suggested guidelines on how
this can be achieved and these are summarised in Annex
3 of this report.
In Chapter12, some of the social and economic outcomes
resulting frominvestment inICTsbysomeof the develop-
ing countries are reviewed.There is evidence of positive
outcomes in terms of job creation, more e¡ective ways of
organising production, and enriched communication
through ICT-based knowledge networks. However, the
results aremixed.While somegroupsofpeople in develop-
ing countries are being empowered through their use of
ICTs, others are being disempowered. There are gender
biases in the ways the new technologies and services are
being designed and implemented and these often favour
men. The global information infrastructure is o¡ering
the potential to generate new sources of economic value
for people in some of the developing countries. At the
same time, new national information infrastructures
threaten to erode the capacity of governments to generate
public revenues to support development goals.
In Chapter 13, the main messages of the report are
summarised.The principal conclusion is that national or
regional ICTstrategies can be designed and implemented
in ways that maximise the potential of existing resources
to use ICTs in support of development goals.They can be
instrumental in ensuring that technological and social
capabilities continue to accumulate.The speci¢c combi-
nation of capabilities that is emerging in each country is
a central issue for decision-makers. The least developed
countries are at risk of being excluded from knowledge-
based development. New approaches are needed to
ensure that limited¢nancial andother resourcesplay cata-
lytic and enduring roles in linking ICT applications to
development needs.
The application of ICTs as `tools' for development o¡ers
opportunities to reduce some existing disparities in
income distribution and the quality of life. These tools
are being developed and applied in social and economic
contexts involving increasingly complex webs of interac-
tions between policy-makers and those engaged in
producing and using ICTs. Organisational and technical
innovations are contributing to knowledge-based
development and improving social, economic, and
environmental conditions in developing countries.These
interactions are occurring in the immediate presence of
others, over the distance between one village and
another, and across the globe. They are generating new
social and technological capabilities - bene¢cial ways of
learning, governing, conducting business, and occupying
leisure time. However, they are also giving rise to new
forms of exclusion by virtue of gender, religion, ethnicity,
language, or illiteracy.
Thematerial in this`sourcebook'emphasisesthatdynamic
innovationprocesses are giving rise to the social and tech-
nological capabilities that could release the potential of
ICTsfordevelopment.Aglobal information infrastructure
is taking shape, and ICTs are becoming more and more
pervasive. If governments, businesses, and other stake-
holders coordinate their actions, they will have a chance
to amplify the social and economic bene¢ts of these tech-
nologies and to reduce the risk of exclusion.
This `source book' contains a synthesis of a wealth of
information and commentary on the social and economic
bene¢ts and risks of ICTs for developing countries. We
are extremelygrateful to all the peoplewhohave contribu-
ted their knowledge and experience.
The members of the Editorial Board, the contributing
authors, and the large number of other people who
providedindividualandinstitutionalassistance in connec-
tion with this report are acknowledged in Annex 1. The
contributing authors are listed in Annex 2.
We are entirely responsible for the views expressed in this
report and for any errors or omissions. The report does
notnecessarily re£ect the o¤cialviews ofany organisation
or institution.
Professor RobinMansell
UtaWehn
Editors
Science Policy ResearchUnit
University of Sussex
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Editors' introduction
4
1. Building innovative ‘knowledge societies’
1.1 Introduction - Science and technology
policy for ICTs and development
Recent developments in the ¢elds of communications and
information technology are indeed revolutionary in nature.
Information and knowledge are expanding in quantity and
accessibility. In many ¢elds future decision-makers will be
presented with unprecedented new tools for development. In
such ¢elds as agriculture, health, education, human resources
and environmental mangement, or transport and business
development, the consequences really could be revolutionary.
Communications and information technology have enormous
potential, especially fordeveloping countries, and in furthering
sustainable development (Annan1997:1).
United Nations Secretary General Ko¢ Annan empha-
sises the enormous potential of information and commu-
nication technologies (ICTs) for development in these
remarks to the ¢rst meeting of the United Nations
Working Group on Informatics. Is that potential being
realised today? Are the bene¢ts of the increasingly wide-
spread, albeit uneven, di¡usion and application of these
technologies outweighing the risks for developing coun-
tries? Are the stakeholders in developing countries
taking appropriate measures to minimise the risks of
social and economic exclusion that could be associated
with these revolutionary technologies?* These questions
are central to understanding the social and economic
impact of ICTs. The United Nations Commission on
Science and Technology for Development’s search for
answers to these questions led to the establishment of a
Working Group to assess the role of scienti¢c and tech-
nological innovation as developing countries become
more deeply engaged in building innovative ‘knowledge
societies’.
The United Nations Commission on Science and
Technology for Development (UNCSTD) Working
Group on IT and Development was set up in 1995. At
that time theUNCSTDobserved that:
Although the technological revolution in information techno-
logy and telecommunications has aroused much interest among
policy-makers, the business sector, the media and the academic
world in industrialised countries, little is known about the
obstacles to accessing information technology and the di¡usion
and use of information technologies in developing countries,
particularly the low-income economies.These issues, especially
the impediments to the di¡usion of information technology,
need to be better understood (UNCSTD1995: 9).
To develop a better understanding of the social and
economic impacts of ICTs on all sectors of the economy,
andon the social,cultural,andpolitical lives of the citizens
of developing countries, the Working Group was able to
draw upon the insights of many experienced people.The
United Nations Conference on Trade and Development
(UNCTAD 1995a) had completed a special issue of the
Advanced Technology Assessment System Report on
‘Information Technology for Development’ in the
Autumn of 1995.The editors stressed that the social and
economic characteristics emerging from the transforma-
tions associated with ICTs should bene¢t all people
rather than the privileged few.
There is a consensus that the transition to the 21st Century will
witness a quantum leap in the development and exploitation of
information technologies, with corresponding rami¢cations for
social and economic organisation, the environment, culture
and the development of a global information infrastructure.
The key issues of concern to policy-makers and international
organisations are the extent towhich this major transformation
has bene¢ted all aspects of society and the ways and means of
achieving a truly global information infrastructure (Ro¡e et
al. 1995: viii).
Since the Working Group began its assessment, debate
over thepotentialofscienceandtechnology,and especially
ICTs, to transform the lives of all the world’s citizens has
intensi¢ed. Positive impacts are being experienced
widely in the industrialised countries and certain sectors
of many developing countries are realising bene¢ts.The
WorkingGroupreviewedmore thansixtypapers, solicited
from experts, on di¡erent aspects of the implications of
ICTs for development. Its members and consultants
surveyed the enormous literature in the ¢eld; they talked
with many experts, and engaged in debates in their home
countries and abroad. They found substantial evidence
that the new ICTs are transforming some sectors of some
developing countries. Certain ¢rms have dramatically
improved their competitiveness by using ICTs and some
developing countries are increasing their export strengths
in the ICTsector. Some governments in the developing
world are providing services to their citizens more e⁄-
ciently using the new services.
TheWorkingGroup also found evidence that the positive
impact of these technologies on developing economies
and societies is not as deep or as pervasive as the debate
about the bene¢ts of the global information society some-
*In this report for the sake ofbrevity, it is not always indicated that statements apply to bothdevelopingcountries or territories and coun-
tries with economies in transition. Where the distinction is important the text makes this clear.
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times makes it appear.There are very many people, espe-
cially in the least developed countries, whose lives have
been barely touched by ICTs. There are others whose
lives are being negatively a¡ected by their exclusion from
the global information societyorbythe social or economic
dislocations that can accompany the impact of these tech-
nologies.The problem is not simply that there is a lag in
the di¡usion of these technologies or in accessing the
new technologies and services. There are substantial
problems in ensuring that the capabilities for using these
technologies creatively are embedded in new policy
measures and ¢rm strategies.
The UNCSTD Working Group reached two principal
conclusions:
] Although the costs of using ICTs to build national
information infrastructures which can contribute to
innovative ‘knowledge societies’ are high, the costs of
not doing so are likely to be much higher.
] Developing countries are at very di¡erent starting posi-
tions in the task of building innovative and distinctive
‘knowledge societies’and in using their national inform-
ation infrastructures to support their development
objectives.
This source book is the third in a trio ofdocuments repre-
senting the work and conclusions of the UNCSTD
Working Group on IT and Development during 1995-
1997. A ¢rst report summarising the Working Group’s
analysis of the key ICTissues fordevelopment and outlin-
ing guidelines for building national ICT strategies,
contains recommendations for action by governments,
other stakeholders, and the United Nations System
(UNCSTD1997a, see Annex 3).
TheWorking Group based its conclusions on the follow-
ing observations.
] There is su⁄cient evidence of the potential of ICTs that
all governments and other stakeholders need to build
new capabilities for producing, accessing, and/or using
these technologies. In order to build these capabilities
each country should establish and implement a national
ICT strategy that is responsive to sustainable develop-
ment goals.
] As developing countries join the global information
infrastructure, each country will need to ¢nd e¡ective
ways of maximising the bene¢ts and controlling the
risks from ICTs. This will involve coordinated action
through national ICTstrategies encompassing the tech-
nologies and services aswell asmanyaspects of the insti-
tutional environment. Strategies are needed which help
tobuild the necessary scienti¢c, technical, and engineer-
ing knowledge as well as the management techniques
and social and economic institutions that are consistent
with creatively using ICTs to reap the potential social
and economic bene¢ts.
] Priority needs to be given to policies, regulation, educa-
tion and training, and technology assessment pro-
grammes to enhance the capacity for creatively produ-
cing or using ICTs.The balance between producing and
using the new applications will di¡er from country to
country. Distinctions need to be drawn between produ-
cing ICTs for domestic consumption, especially where
there is a requirement for divergence from standard
commodity-type ICTs, and producing the technologies
and services for export as a sector of the export
economy.TheICT-using sectors indeveloping countries
are highly di¡erentiated and the relative bene¢ts of
encouraging use in the public and private sectors also
need careful consideration. New coalitions of resources
and partnerships among stakeholders, including the
business sector, need to be encouraged in line with each
country’s development priorities.
] The roles of government and the public sector are very
important in supporting new forms of market facilita-
tion, introducing e¡ective regulation, promoting ‘stake-
holder dialogues’, and providing public services
appropriate to local conditions. The creative, dynamic
combination of government and private sector action in
the contextofeach country’s national or regional innova-
tion system can o¡er opportunities to bene¢t from ICTs
foralldevelopingcountries includingthe least developed
countries.
] The coming decades will not see the eradication of the
gap between the rich and the poor. However, if govern-
ments and other stakeholders design and implement
e¡ective national ICT strategies, the new technologies
and services may help to reduce the gap for some of
thosewho are disadvantaged ormarginalised.Such stra-
tegies need to focus on the di⁄culties of using ICTs to
transform data and information into useful knowledge
that is consistentwith development priorities.
] Special treatment will be needed for the least developed
countries, and especially for countries in Sub-Saharan
Africa and the rural areas of lower income countries, in
order to provide the ¢nancial resources, physical infra-
structure, and the knowledge base that is needed to
achieve sustainable development goals.
A second report was prepared by theUNCSTDWorking
GrouponITandDevelopmentoutlining several scenarios
of the development and impact of ICTs on developing
countries (Howkins and Valantin 1997). The scenarios
highlight key certainties and uncertainties confronting
decision-makers.The scenarios assisted Working Group
members in assessing the impact of ICTs on developing
countries under conditions where the global economy
becomes more integrated and inclusive or, alternatively,
more fractured and disintegrated.The scenarios provided
a basis for considering whether national governments in
developing countries could be expected to respond to the
potential of ICTs very actively or relatively passively.The
scenarios helped Working Group members to envisage
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alternative futures for developing countries in a global
information society and to consider priority areas for
action by all stakeholders. The report invites senior
decision-makers to consider the implications of alterna-
tive ‘knowledge societies’ and to take action to devise
strategies to ensure that the bene¢ts of ICTs are broadly
available and that the risks of social and economic exclu-
sion are avoided or minimised.
This ‘source book’ is the third report prepared under the
guidance of the Working Group. It stresses a theme
neglected in the currentdebate aboutthebene¢ts of devot-
ing resources to building national information infrastruc-
tures in the developing countries. E¡ective national ICT
strategies are most likely to emerge through creatively
combining competencies in scienti¢c, technological, and
management ¢elds related to ICTs in each country and
recombining these strengths with externally available
technologies, information, and knowledge resources.
Key features of e¡ective national ICT strategies are the
capabilities to assess strengths and to target areas for
more e¡ectively producing or using ICTs that are respon-
sive to development goals. This is especially important
for the least developed countries. These countries will
continue to face extremely di⁄cult challenges in building
and deploying human and technical resources that will
enable them to bene¢t from ICTs.
The uneven di¡usion of ICTs between the industrialised
and developing countries, and disparities between and
within the developing countries, raise concerns about
how gaps in the accessibility and a¡ordability of these
new technologies can be reduced. More than a decade
has passed since the widely circulated ‘Missing Link’
report of the Independent Commission for World-wide
Telecommunications Development observed that
‘neither in the name of common humanity nor on
grounds of common interest is such a disparity [in tele-
phony penetration] acceptable’ (ITU 1984: 3). Some
newly industrialised countries are investing heavily in the
telecommunication infrastructure. The penetration of
telephone services and advanced ICT-based services and
applications is converging with the industrialised coun-
tries for these heavy investors.However, in other develop-
ing countries, and especially the least developed
countries, the most basic telecommunication infrastruc-
ture is still absent, unreliable, and/or very costly. The
‘missing link’ is still missing in the 1990s for much of the
world’s population.
Since the ‘MissingLink’ report, innovations in ICTs have
stimulated the technical convergence of telecommunica-
tion and computing hardware and software.The potential
applications of ICTs also have blossomed in variety and
in complexity. It has been realised that ensuring fair
terms and conditions of access to national and global
information infrastructures is only one, albeit important,
part of the challenge of building innovative ‘knowledge
societies’. Knowledge principally resides in people rather
than in ICTs,databases or services.Alliances and partner-
ships among stakeholders in developing countries and
with organisations in the industrialised countries today
need to address ‘gaps’ in a broad spectrum of ICTs and
applications.They also need to recognise the importance
of building social and technological capabilities among
users.
Today’s discussions of ‘knowledge societies’ emphasise
the need to harness ICTs for development by enabling
their use for empowering the poor and for scienti¢c and
technicalcapacitybuildingthat is consistentwith develop-
ment goals.The new technologies can be implemented to
support democratic decision-making, more e¡ective
governance, and lifelong learning. The bene¢ts are
closely associated with establishing equitable policy and
regulatory frameworks and with ensuring that under-
standing, sharing, and partnership-building are central
components of national ICTstrategies.
TheWorldBank argues that ‘knowledge for development’
is crucial for the future prospects fordeveloping countries
and that the capacities of these countries to apply the
growing stock of global ‘electronic’ knowledge will be
increasingly important.This UNCSTD report illustrates
why this will present amajor challenge for many develop-
ing countries. It stresses that by recombining local and
external knowledge there are opportunities for developing
countries, including the least developed countries, to
bene¢t from ICTs.
The remaining sections of this chapter locate concerns
about the ICT ‘gap’ in the wider context of the develop-
ment process (section1.2) and in the challenge of building
social capabilities through individual and organisational
learning within innovation systems (section 1.3). Section
1.4 introduces themain components of ICTs emphasising
their role in the ‘informatisation’ process which is both a
social and a technological process. Finally, section 1.5
considers the bene¢ts and risks for developing countries
as ICTs become increasingly important tools for building
innovative ‘knowledge societies’.
1.2 Harnessing ICTs for development
Developmenthasbeenunderstoodsince thesecondWorld
War to involve economic growth, increases in per capita
income, and attainment of a standard of living equivalent
to that of the industrialised countries. This was to be
achieved without incurring major social costs. This
conception of development has been questioned because
it gives too little consideration to the non-material aspira-
tions of people in developing countries (Bezanson and
Sagasti1995).1There isno‘holygrail’o¡eringaclear de¢ni-
tion of the meaning of development, and each country
must reach its own consensus on the changing meaning
of development. It is much more widely recognised today
that the social setting and people’s capabilities are crucial
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Box 1.1 - Building new social capabilities for ICTs and development
tothedevelopmentprocess;knowledgeandhumancapital
are essential to all aspects of development.
...thecapacitytoacquireandgenerateknowledgeinall its forms,
including the recoveryandupgradingof traditional knowledge,
is perhaps the most important factor in the improvement of the
human condition (Bezanson and Sagasti1995: 5-6).
In this report development and scienti¢c and technologi-
cal progress are taken to mean the processes that lead to
an ‘evolution of shared perceptions of what humanity is
and should be, and of devising the means of advancing,
both individually and collectively, towards putting those
values in practice’ (Bezanson and Sagasti1995: 9).
In their paper on the future of the ISDNBandwagon for
theOECDTokyo/OsakaWorkshoponinformation tech-
nology and new growth opportunities, Paul David and
Edward Steinmueller (1988) pointed to the ‘uneven and
unintegrated development’ of data communications
andcommentedthat thiswas often the casewith techno-
logical change. It was indeed Schumpeter who ¢rst
stressed this extremely uneven nature of technical
change both with respect to timing and to location. He
likened it to a series of unpredictable explosions.
Nowhere is this feature of technical changemore appar-
ent than in relation to the developing countries and
ICTs. In the 1950s it was commonplace to regard the
economic problems of Asia as almost insoluble.
Outstanding economists such as Gunnar Myrdal were
especially pessimistic about India. No less pessimistic
about computer applications was none other than
Thomas J. Watson, Senior, who as head of IBM still
thought in the late1940s that even in theUnited States,
computers would ¢nd few applications in business and
would be con¢ned to a few machines in big science and
government.
Duringthe1960s theLatinAmericancountrieswere still
regarded as ‘miracle economies’ because of their high
rates of growth at that time. Even as late as 1965 Brazil
still had more telephone lines per 100 inhabitants than
either the Republic of Korea or Taiwan (Pr. China).
Now these countries and territories have four or ¢ve
times as many as Brazil and in every other area of ICT
and its applications, the East Asian ‘T|gers’ have far
outstripped Brazil and all other Latin American coun-
tries. Both Africa and Latin America had on average
negative per capita income growth in the ‘lost decade’
of the 1980s while not only the countries of East Asia
but increasingly those of Southern Asia too, enjoyed
very high rates of growth.
In its reporton the‘EastAsianMiracle’ in1993theWorld
Bank (1993) attributed their astonishing success mainly
to liberalisation, exportorientation,high levels of invest-
ment and education.2 However, it failed to mention that
by the1990s more than a quarter of all exports from the
Republic of Korea, Taiwan (Pr. China), and Singapore
were classi¢edbyGATTas ‘ICTequipment’ that is, tele-
communication equipment, computers, o⁄ce machin-
ery, electronic goods and components. Since this
category of equipment has a growth rate twice as high as
commodity trade in general, it is clear that countries with an
export structure of this kind are likely to perform fairly well in
international trade.Again,although surely right in its emphasis
on education, the World Bank also failed to address other
forms of intangible investment such as research and
development (R&D) and many other related scienti¢c and
technical services. It is in these areas that the achievements of
the ‘T|gers’ have been particularly impressive, again far
outstripping any comparable increase in Latin America or
Africa,andagainwithaveryheavyconcentrationonICTindus-
tries and services.
Inhis seminal analysis of ‘catchingup, forgingaheadand falling
behind’ in economic growth and development, Abramovitz
(1986) emphasised above all the role of ‘social capability’ in
catching up by less developed countries.Whilst no-one could
or shouldmake claims about any uniquewisdom or forecasting
capability residing inEastAsia, it is evident that by a combina-
tion ofgood fortune andgood judgement andby the lucky acci-
dent of proximity to Japan, the countries of East Asia have
developed better than most a ‘social capability’ in dealing with
information technology. It is this capability in relation to the
most pervasive and dominant technology of the late 20th
centurythat is above all responsiblefor theEastAsian‘miracle’.3
However, this is a race inwhich all canhave prizes.The applica-
tions of ICT are far more important than the production of
super-computers, telephone switches, integrated circuits, or
other equipment. It is of course an advantage to be able to
design and produce some items of electronic equipment for
local use and for the world market as theT|gers have learnt to
do,but it is notessential. In the comparable technical revolution
in the late 19th century in electric power, only a few countries
had the capability to produce generators, transformers, and
other expensive items of electrical equipment but far more
countries learnt to use electricity in other industries and
services inwhich they had some advantages.The same is likely
to be true for many other countries catching up in world tech-
nologytoday.The one thing,however, thatwillbe indispensable
is the social capability to generate and promote intangible
investment on the necessary scale, as well as, and complemen-
tary with, the tangible investment in infrastructure.
Infrastructural development in telecommunications, as in the
past in electricpower,willbe essentialfore¡ectiveparticipation
in the world economy and above all for catch-up in economic
growth. So too, will be intangible investment in education,
research, development, and related scienti¢c and technical
services.
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ICTs have an enormously important role to play in build-
ing the social capability to generate information and to
apply knowledge for sustainable development (see Box
1.1). ‘Social capability’ was the term used in the early
1970s byKazushi Ohkawa andHenryRosovsky to refer to
the ‘levels of general education and technical competence;
the commercial, industrial and ¢nancial institutions that
bear on their abilities to ¢nance and operate modern,
large-scalebusiness;andthepoliticalandsocial character-
istics that in£uence the risks, the incentives andtheperso-
nal rewards of economic activity, including those rewards
in social esteem that go beyond money and wealth’.4
Social capabilities complement technological capabilities
and they combine in many di¡erent ways to generate
economic growth.
The emergence of new capabilities is closely linked to the
progress of scienti¢c and technical innovation. Scienti¢c
discoveries and technological innovations in ICTs are
movingat apace andwith impacts that are unprecedented.
Those with access to these innovations - and those who
have the capacity to absorb them and use them -will have
opportunities to reap social and economic advantages.
Those without access and the appropriate capabilities
risk being marginalised in the ‘knowledge societies’of the
future.
Intense debates in recent years about the impact of ICTs
emphasise capabilities for producing or acquiring hard-
ware (telecommunication networks, personal computers,
fax machines, etc.) over those for producing software and
information content. In addition, the capabilities needed
to turn information into useful knowledge are often
neglected. Answers to questions such as whether there
will be users for these ICT components depend as much
upon economic conditions as upon the variety of social
and cultural, systems (Collet et al. 1996). These social,
cultural, and technological factors combine in building
new user capabilities in very di¡erent ways. There is a
growing need to understand how these interactions are
a¡ecting the characteristics of the ‘knowledge societies’
emerging in countries around the world.
The task for policy-makers, the business community, and
representatives of civil society is to create conditions for
building the knowledge base in a way that maximises the
bene¢ts of ICTs and reduces the risks.There is a risk that
ICTs will contribute to a new ‘global apartheid’ because
they are designed or applied in ways that are inconsistent
with development goals (Bezanson and Sagasti 1995).
The gap between the rich and the poor in terms of access
to basic telephone service is being reduced, especially in
the newly industrialising countries, but this experience is
very unevenly distributed across the developing world
(Saunders et al. 1994). However, if visionaries like Peter
Drucker are correct, even if the telecommunication
connections are in place to support global knowledge
networks, developing countries will not be able to rely
upon lower cost labour for their comparative advantage.
Theywill need to excel in the application of knowledge.
Developingcountries canno longerexpect to base their develop-
ment on their comparative labor advantage - that is, on cheap
industrial labor. The comparative advantage that now counts
is the application of knowledge (Drucker1994: 62,64).
The generation and application of knowledge depends
uponmuchmore than access to aglobal information infra-
structure. If developing countries are to experience
‘empowerment through knowledge’ they will need to
build new partnerships and focus on capacity building.5
Theywillneedtofocus on institutional and organisational
change in the context of their development goals. New
partnerships and networks are being formed around the
world linking ¢rms of all sizes into joint marketing,
production and R&D. These networks of public and
private sector partners are relying increasingly upon the
use of ICTs (Mytelka 1995). However, little is known
about the factors contributing to the success or failure of
these partnerships.
The emergence of new partnerships between donor and
recipient countries involves pragmatic approaches to the
shared interests between¢rms andgovernments in indus-
trialised and developing countries. Targeting poverty,
social development, and sustainable development also
means identifying and deepening capabilities for produ-
cing and using information and communication services,
promoting access to these services, sharing and exchan-
ging information, and encouraging proactive local and
national strategies for development. New forms of public
and private partnerships, including concessions and sub-
contracting arrangements, are characteristic of the ‘new’
approach to development (Dohlman and Halvorson-
Quevedo1997;Michel1997).
The problem of achieving an appropriate, and changing,
balance betweenproducing andusing ICTs is confronting
developing countries and it is an especially di⁄cult chal-
lenge for the least developed countries. This is because
opportunities for using ICTs creatively require technical
and human capabilities that are built up through experi-
ence with the new technologies and services. This does
not mean that all countries must begin producing ICTs,
but all countries need capabilities for maintaining ICTs
and for tailoring them to their speci¢c needs.The charac-
teristics of the scienti¢c and technical innovation systems
in each country and region are central to encouraging the
range of capabilities for e¡ectively using ICTs.
1.3 ICTs, learning, and innovation systems
National scienti¢c and technical innovation systems are
the foundation for selecting areas of ICT production or
use in which to concentrate scarce economic and know-
ledge resources.6 The concept of a national innovation
system refers to the processes of technological and institu-
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tional capability building and policy-making that enable
e¡ective choices to be made and implemented. The
concept is closely associated with the notion of social
capability building in the sense that it encompasses the
social, political, and economic features of the institutional
context inwhich learning takes place. Learning processes
are important features of the innovation process. For
example, as Bengt-—ke Lundvall, puts it,
... the most fundamental resource in the modern economy is
knowledge and, accordingly, ... the most important process (of
economic development) is learning. ... learning is predomi-
nantly an interactive and, therefore, a socially embodied
process which cannot be understoodwithout taking into consid-
eration its institutional and cultural context (Lundvall
1992a:1).
The national innovation system is the environment in
which economic performance is shaped by learning
processes. It is the systemwhereby knowledge is accumu-
lated and distributed among each country’s institutions
(Gu and Steinmueller 1998 forthcoming). ICTs are
important contributors to these processes because they
provide improved access to information. They also o¡er
opportunities for innovation when they are embedded in
manufacturing and resource extraction processes as well
as in services. ‘Learning’ takes place during routine
activities associated with producing, distributing, and
consuming ICTs and services. For example,
... the everyday experiences of workers, production engineers,
and sales representatives in£uence the agenda determining the
direction of innovative e¡orts, and they produce knowledge
and insights forming crucial inputs to the process of innovation
(Lundvall1992a: 9).
Learning is not something that only people in ¢rms do.
Learning is also important for public and private sector
organisations and institutions. Learning is as important
for e¡ective policy-making as it is for the competitiveness
of ¢rms or the e¡ectiveness of local community groups.
It is both a formal and an informal process and the
outcomes of policy-making and the management of ICT
innovations are ‘designed and articulated not just in the
formal ‘‘corridors of power’’ but in the everyday interven-
tions and experiences of information and communi-
cation technology producers and users’ (Silverstone and
Mansell1996: 225).Governments cancontribute to learn-
ing processes by guiding or controlling the rate and direc-
tion of technical and economic change by identifying and
¢lling important gaps in the institutional frameworks in
which learning occurs. However, as in other sectors of the
economy, the issue of where and how to intervene to
strengthen ICTrelated capabilities is neither obvious nor
straightforward. Governments can impede rather than
promote more e¡ective learning processes.
Choosing an e¡ective national ICTstrategy is di⁄cult for
developing countries because a key feature of the social
and economic transition towards ‘knowledge societies’ is
the opening of domestic economies to international
trade. International trade brings major changes to the
domestic economic environment including the creation
of new incentives and competitive challenges. These
changes are very important for the ICT industry, but the
implications for developing countries as both producers
and users of ICTs are very uncertain.
For some analysts, the global division of labour is largely
asymmetrical, forcing developing countries to compete
with one another in o¡ering low wage assembly while
denying them access to the design and process know-how
(Ernst and O’Connor 1989, 1992). This means that the
‘export led growth’ strategy in the ICT industry, that
contributed to the success of the Republic of Korea and
some of the South East Asian economies, is unlikely to be
reproducible in other countries, such as Thailand,
Malaysia, Indonesia, or the Philippines. Adopting this
strategy in the1990s is constrained by the quality require-
ments of end-product markets in the industrial countries
and by barriers to gaining access to key technologies.
Changes in international trade policy a¡ecting ICT
products and services and increasing vertical integration
and horizontal networking are strengthening the market
power of leading ICTcompanies. For example,
... market leaders have been forced to introduce a variety of
entry deterrence strategies which aim to restrict the rate of tech-
nologydi¡usion ...major¢rmshave become increasingly reluc-
tant to license core technology to potential competitors and
have aggressively sued those alleged to have violated their
intellectual property rights ... entry possibilities for late-
comers have become much more restricted for most sectors of
the electronics industry (ErnstandO’Connor1992:263, 265).
Other observers reach di¡erent conclusions.For example,
it has been argued that a rapid rate of international tech-
nology di¡usion provides opportunities for newly indus-
trialising countries to achieve ‘world class’ production of
someICT- relatedproducts andknowledge based services
(Soete1985).The prospects for the least developed coun-
tries aremuchless certain.Theconvergence in technologi-
cal capabilities among industrialised countries makes
them competitors in the sale of capital goods and know-
ledge to the newly industrialising countries, rather than
controllers of an oligopolistic marketplace. Companies in
the industrialised countries may seek restrictive arrange-
ments such as those which favour the current owners of
rights to intellectual property. However, this may be inef-
fective if technological changemakes suchprotection di⁄-
cult or costly, or if rival ¢rms do not cooperate in
restricting the market. As a result, competition among
¢rms based in the industrialised countries may accelerate
the transferofICTinnovations to thenewly industrialising
countries.‘Leapfrogging’ may still be a viable strategy for
those developing countrieswhere the absence of a scienti-
¢c and technical education system consistentwith innova-
tions in ICTs is not a major bottleneck.
11
1 Building innovative knowledge societies
When this debate appeared in the literature in the mid-
1980s therewas little empirical evidence onwhich to base
conclusions about either of these perspectives. By 1996
theWorldBankgave a quali¢ed‘yes’ in answer to the ques-
tion - ‘Is the East Asian experience replicable?’ (Hanna et
al. 1996: 211) - based on its review of the experience of
the East Asian countries and territories ( Japan, Taiwan
(Pr. China), Hong Kong, the Republic of Korea, and
Singapore).Butthis report also emphasises that bene¢ting
from ICTs requires ‘intangible process re-engineering,
managerial quality and leadership, £exible and multi-
skilled labor, and institutional learning and experimenta-
tion’ (Hanna et al. 1996: 190). Similarly, Christopher
Freeman argues that ‘the one thing, however, that will be
indispensable is the social capability to generate and
promote intangible investment on the necessary scale, as
well as, and complementarywith, the tangible investment
in infrastructure’ (see Box1.1).
The prospects for entry into ICT production markets are
unlikely to be available to all developing countries. Entry
into the electronics industry for export, the strategy
followed by the newly industrialising countries, may no
longer be viable because automation has reduced the
share of labour total cost, and competitiveness depends
increasingly on quality and delivery time.Therefore,
... for many developing countries, local IT production may
continue to be out of reach for some time to come ... For them the
priority should be onusing IT to revitaliseand transform tradi-
tional, less technologically demanding industries, and to
modernise their basic infrastructures and services (Hanna et
al. 1996: 214).
One of the key insights of the experience of the pastdecade
is that even if globalmarkets are characterised by oligopo-
listic competition and the transfer of technological know-
ledge is limited, the negative impacts can be altered by
active measures to stimulate learning and institutional
change that lead to new ICT-using capabilities. This
demands the innovative recombination of technological
andsocial capabilities byensuringthatnational(orregion-
al) systems of innovation target and encourage e¡ective
use ofICTs andservices.7Ifaprocess of ‘innovative recom-
bination’ can be established, the resulting institutional
restructuring is likely to release capabilities that can be
recombined and improved to take advantage of domestic
and international market opportunities. Recombining
capabilitieswithinanational systemof innovation involves
(Gu and Steinmueller1998 forthcoming):
] The reallocation of previously accumulated capabilities
in production, design, R&D, and testing in original and
productive ways;
] Thestimulationofmarketreformandtrade liberalisation
as a means of reallocating innovative capabilities and
providing incentives to innovate;
] Identi¢cation of major gaps in the capabilities inherited
from previous systems and ¢lling them as rapidly as
possible;
] Institutional restructuring in many areas of the private
and public sectors to support these initiatives and to
ensure that policies and strategies are linked to broader
development goals.
An important issue for developing countries is the
strengthening of domestic demand. Although the di¡u-
sion of ICT hardware and software within the domestic
economy is important, this also involves the innovation
system as awhole including the public andprivate institu-
tions and individuals who play a role in the innovation
process. Because each country’s resources, capabilities,
and development priorities di¡er, national ICTstrategies
need to be tailored to speci¢c technological strengths and
social and economic development priorities. The ICT
sectors and related capabilities of the national economies
of the 1990s are very di⁄cult to map or to measure.This
presents a problem in assessing the relative strengths and
weaknesses ofdevelopingcountries.This is partly a re£ec-
tion of rapid technological change in the ICTsector and
partly of problems inherent in valuing information or
knowledge assets.
1.4 Mapping and measuring ICTs for
‘knowledge societies’
Forthreedecadesormore,peoplehavebeendiscussingthe
major transformations that are possible through harnes-
sing electronic information processing technologies to
the social and economic priorities of industrialised socie-
ties.These technologies arevitally important components
of the new ‘information economies’or ‘information socie-
ties’ (Machlup 1962; Porat 1984). More recently the term
‘knowledge society’ has been used to shift the emphasis
from ICTs as ‘drivers’ of change to a perspective where
these technologies are regarded as tools which may
provide a new potential for combining the information
embedded in ICTsystems with the creative potential and
knowledge embodied in people. ICTs are best considered
as tools or facilitators which may substitute under certain
conditions for othermeans ofknowledge creation in inno-
vative societies (OECD 1996a).8 These technologies do
not create the transformations in society by themselves;
they are designed and implemented by people in their
social, economic, and technological contexts.
Some observersmark the beginning of the ICTrevolution
by the production in 1969 of ‘a computer on a chip’ and
the declining cost of semiconductor technologies and
microelectronics. From this point onwards ‘intelligence’
has been built into products and this has been accom-
panied by the rise of more knowledge-intensive societies
and global competition.
Although the information technology revolution represents a
technological rupture that has produced signi¢cant qualitative
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changes in what is being produced, where, how and by whom,
these changes build upon a cumulative and incremental process
that had already begun to transform our system of production
and the relationship between ¢rms and states in the inter-
national economy (Mytelka1995:7-8).
The technologies, organisations, and capabilities that
facilitateproductionanduse ofICTs are calledthenational
information infrastructure(NII)or theglobal information
infrastructure(GII).Before the arrivalofmicroelectronics
and digital technologies, the technological components
of ICTs generally were accounted for statistically as sepa-
rate industries - computer hardware and software, micro-
electronics, telecommunications, broadcasting, etc.
Today, convergence, which is sometimes very real and at
other times only forecast, characterises all aspects of
ICTs at least at the technical level.9
The technological convergence which is occurring
throughout the ICTsector means that there are very few
clear boundaries between these sectors on the supply side
of the industry. ICTs are being used, and often produced
or modi¢ed in the case of software, in virtually every
segment of the manufacturing, services, and natural
resources industries. This is the main reason for their
pervasive and potentially revolutionary impact. ICTs are
being used as control technologies leading to innovations
in products and processes in the manufacturing sectors
and resource extraction industries. They are playing an
increasing role in computational activities supporting
scienti¢c and technological research and in the networks
of communication research and development and busi-
ness activity around the world. They are also being used
by individual citizens to build new local and global
communities as witnessed by the explosion of Internet
applications and the connection of more than 16 million
host computers and more than 50 million users over the
past two or three years (ITU1997).
To represent the components of ICTs and services it is
helpfultouse amap.Tobeusefulamapshouldaid thinking
about the potential for synergy and dynamic change
among the components of ICTs.This is one of the features
that gives the sector its very distinctive and challenging
characteristics.
Anotherdistinctive feature is that ICTs are centrally about
‘informatisation’ - the progressive application of ICTs to
the input, storage, processing, distribution, and presenta-
tion of information. This term was used as early as the
1960s by the Japanese and it refers to a social as well as to
a technological process. It requires changes in manage-
ment processes, organisation, and skills as well as in the
tools used in the production of goods and services.This
idea links technical, organisational, managerial, and insti-
tutional aspects of ICTs.All these aspectsmustbe consid-
ered if the social and economic implications of ICTs are
tobe understood.An‘informatisation’approach is consis-
tentwith an emphasis on the importance of technological
knowledge and social capabilities as well as on the hard-
ware and software itself. The scienti¢c, technological,
and engineering disciplines and the management techni-
ques used in information handling and processing are as
important as the applications, hardware, and software,
and their interaction with people and machines in social,
economic, and cultural relationships.
Figure1.1shows the segments of the ICTsector organised
around carriage-content and products-services axes.The
sizes of the segments do not re£ect the economic dimen-
sions or relative importance of segments of the industry.
The ‘informatisation’ process involves a mix of processes
including input, storage, processing, distribution, and
presentation of information.The axes in Figure 1.1 iden-
tify the dominant features of each of the segments.
]W|th respect to thehorizontal axis, thebusiness activities
of the two segments at the right of the diagram, digitised
content and broadcasting, are dominated by the costs of
producing content, the ‘input’of information.The costs
ofprocessingdominatefour industries:computer equip-
ment, software, enhanced voice and data services, and
networking services.The added value of these segments
is that theyprovide the tools for transforming or ‘proces-
sing’ information. At the left of the diagram, the empha-
sis is on providing products (broadcasting and network
equipment) and services (basic network services) for the
carriage of information.
] In the case of the vertical axis, above the horizontal axis
are services and below are products.The software indus-
try includes both products and services.‘Packaged soft-
ware’ and other means of selling software as a bundle
closely conform to a ‘product’. The adaptation of pack-
aged software for particular applications more closely
resembles a ‘service’.These characteristics are changing
as components of software packages are ‘unbundled’
and distributed through means such as data networks.
In addition to the eight segments shown in the circle in
Figure1.1, there are electronic components, consumer
electronics, electronic measuring and scienti¢c instru-
ments, and professional services. Electronic components
underlie two of the segments: computer equipment, and
networking and broadcasting equipment. Most of the
consumer electronics equipment is closely related to the
distribution and presentation of information and is
located adjacent to the broadcasting and networking
segments. Computer equipment and electronic measur-
ing and scienti¢c instruments are closely related and
professional services are available to all of the industry
segments.
The recombination of all these components is giving
meaning to the NII and GII concepts.The time dimension
is important in terms of assessing the implications of
further technological innovations for all the segments of
the ICTindustry. In addition, the process of ‘informatisa-
tion’ is resulting in changes in industry boundaries and
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providing opportunities for new entry by ¢rms from
within, and outside, the traditional ICT industry.This is
creating turbulence in the competitive environment.
Market instability has major implications for developing
countries as uncertainty increases about which countries
can develop the capabilities to produce the components
of di¡erent segments of the industry.
The users of the components of the ICTsegments shown
in Figure 1.1 are as diverse as the suppliers. Increasing
ICT product and service variety is characteristic of the
applications for end-users as citizens who may be
empowered to improve the quality of their lives (Bessette
1996). It is also characteristic of the range of applications
where ICT components are embedded in services or
manufactured products to support electronic commerce,
new business information systems, or new product or
process innovations to be employed by intermediate
users.The array of ICTs aroundwhich the global inform-
ation society is beingbuilt is enormous and it is constantly
changing.
The principal concern of this report is with the social and
technological capabilities,policymeasures, and corporate
strategies needed to acquire and use ICTs e¡ectively to
respond to development priorities.
Attempts tomeasure the impact of ICTs on the economies
of industrialised and developing countries encounter
severe problems of statistical classi¢cation and data avail-
ability. The classi¢cation systems in use today do not
capture the growing importance of services and inform-
ation in the economy or changes at the boundaries of
segments of the ICT industry. The lack of appropriate
indicators of impact, combined with the absence of the
¢nancial resources in some developing countries to
collect the relevant data, make it very di⁄cult to measure
‘impact’ as such. However, the importance of improving
measures of the impactof ICTs cannotbe underestimated.
The results of studies, for example, on the impact of tele-
communication investment on productivity growth, have
been in£uential in persuading some decision-makers of
the economic importance of extending telecommunica-
tion networks within developing countries (Cronin et al.
1993).
Demonstrating the returns on investment in ICTs more
generally, including information technologies and
systems,hasprovedtobe at least asdi⁄cult and controver-
sial (Berndt and Malone 1995). The di¡usion of ICTs
places heavy demands on all other aspects of the social
and economic infrastructure and on existing organisa-
Services
Transport Content
Products
Figure 1.1 - A framework for information and communication technologies and services
Source: Based on Hawkins et al. (1997).
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tional capabilities.Most of the research aimed at explain-
ing the so-called ‘productivity paradox’ has needed to
develop new tools and techniques for capturing and
measuring the productivity impact of ICTs. For example,
existing measures of service output are inadequate for
tracing the impact of ICTdi¡usion on production.
One reason for the di⁄culty ofproductivitymeasurement
is that ICTs are used to produce an intermediate good or
product; information. The value of information in use
varies dramatically depending upon the context. This
context is likely to be dependent upon the level and
nature of the development problem for which ICT are
being employed. As Menou suggests, although it is
logical to assume that information is an essential resource
for developing economies, it is very di⁄cult to demon-
strate this empirically.
Althoughwehavewitnessed a steady growth in the provision of
information services in developing countries, a number of
fundamental questions remain unanswered. The people of
these countries question the relevance and appropriateness of
the services o¡ered. Development assistance agencies are
concerned about problems of sustainability. The extent to
which information [and communication] services actually
contribute to the empowerment of peopleand the accountability
of the institutions concerned are subjects of controversy and
debate. Logic dictates that information is an essential resource
for the social and economic development of ThirdWorld coun-
tries, but how can this be demonstrated? How tangible is the
linkage between information investments and the achievement
of speci¢c development goals? The limited status accorded to
information in most developing countries suggests that its
potential value is not self-evident (Menou1993: ix).
There is a growing literature on performance indicators
that seeks to assess the impactofICTsfromtheperspective
of speci¢c user communities rather than attempting to
quantify the overall impact of investment in ICTs on the
economy.10 This work is concernedwith the speci¢cation
of development issues, emerging patterns of operating
and developing ICTor information service applications,
and assembling base line data. The primary goals are to
relate initial objectives of users to observed outcomes and
to identify the important economic, social, cultural, and
organisational factors that in£uence these outcomes.
Thisworkalso su¡ers froma lackofconsensus on the de¢-
nition of ‘information’ and how it should be used in
socio-economic impact studies. These studies are so
costly to implement that there is considerable controversy
over the interpretationoftheir results andthe implications
for decision-makers (Gri⁄ths1996). An additional factor
whichmakes itdi⁄cult to assess the impactof investments
in ICTs is the trend toward the liberalisation of markets.
As competition increases in domestic markets, empirical
evidence on the di¡usion and use of ICTs tends to
become more limited to protect commercial interests.
1.5 Conclusion - Maximising benefits and
minimising risks
Wealth generation is becoming more closely tied to the
capacity to add value using ICT products and services.
The value of information and accumulated knowledge
within developing countries is an important aspect of
future growthpotential.Only avery fewdeveloping coun-
tries have succeeded in narrowing the development ‘gap’
byharnessing the productionor use of ICTs to their devel-
opment goals. These technologies do not o¡er a magical
potion that can be expected to provide a cure for the sick,
to prevent environmental degradation, or to create jobs.
However, if these technologies can be combined with
domestic and external human resources, they can be
instrumental in achieving major changes in the organisa-
tion of industrial activity and the conduct of everyday life
in developing countries. If the changes are consistent
with development goals, countries can gain advantages
from ICTs and avoid the risks of exclusion and marginali-
sation. However, this requires national (or regional) ICT
strategies that build upon the strengths of each country.
Mapping and measuring the economic and social impact
ofICTs,andthe strengths andweaknesses of technological
and social capabilities in developing countries will
become an important tool for generating the information
needed for informed policy choices.
The late1990s and the ¢rst fewyears of the 21st century are
likely to see major changes in the production and
consumption of ICTs and related services in global
markets. Until recently it has been mainly the industrial-
ised and newly industrialising countries that have been
actively involved in producing ICTs and in devising
innovative applications. However, the rapid di¡usion of
ICTs in these countries is contributing to strengthened
interest in thepotentialofmarkets inmanyof thewealthier
developing country markets. The interest of major ICT
suppliers in these markets is encouraging market liberal-
isation and an increase in international trade in ICT
goods and services.
The completion of the multilateral trade negotiations on
telecommunication equipment and enhanced telecom-
munication services at the end of the Uruguay Round of
theGeneralAgreementonTari¡s andTrade in1995 repre-
sentedamajorsteptowardmarket liberalisation in the tele-
communication sector. This was followed in February
1997 by further market liberalisation measures for basic
telecommunication services. W|th forecasts of a trillion
dollar telecommunication market, in the short term, the
principal bene¢ciaries of the Geneva agreement will be
the big carriers with a well developed international
presence (Cane 1997a), and the new trade regime is likely
to bring major changes in the pace of infrastructure
construction in the wealthier developing countries (and
selected areas of the poorer countries).
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For example, as a result of these negotiations severalLatin
American countries are committed to wide-ranging
market liberalisation. These countries are expecting to
see the bene¢ts of liberalisation in the wider accessibility
of telecommunication and information services. Some
Eastern European countries have o¡ered to liberalise
their national markets after the year 2000 and the Asian
countries and territories, including Singapore, the
Philippines, andHongKong, are planning to permit new
entry and foreign investment in their domestic telecom-
munication markets. Other developing countries, such as
Malaysia and India, already allow greater foreign invest-
ment than they were asked to guarantee in the recent
round of trade negotiations. These market liberalisation
measures are expected to boost foreign investment in the
telecommunication infrastructure in developing coun-
tries but the capital requirements needed to achieve
substantially improved access to domestic and interna-
tional networks are enormous.TheWorld Bank has esti-
mated that about US$ 60 billion per year is needed
(W|lliams 1997a). The liberalisation of these markets is
being accompanied by the full or partial privatisation of
national telecommunication operators (Ambrose et al.
1990). By1995 some44public telecommunication opera-
tors world-wide had been privatised raising an estimated
US$ 159 billion through domestic and international
share o¡erings (ITU1995a).11
In addition to the pressures to restructure and open the
telecommunication markets in developing countries,
tari¡ barriers restricting international trade in inform-
ation technologies have become the subject of trade nego-
tiations. In March 1997 an Information Technology
Agreement covering 90 per cent of world ITmarkets was
reached leading to tari¡ reductions on the import of
computers, telecommunication products, semiconduc-
tors, software, and scienti¢c instruments (W|lliams
1997b; WTO 1997a). Participating countries included
Costa Rica, Estonia, India, Indonesia, Korea (Republic
of ),Macau,Malaysia,Romania,Singapore, andThailand.
The developing countries who participated in these
rounds of trade negotiation aimed at liberalising domestic
markets have di¡erent pro¢les in terms of their strengths
in producing and using ICTs and services. The negoti-
ations are predominantly producer-oriented but they
have major implications for the capabilities for using
ICTs in participating countries as well as for countries
that have yet to sign the new agreements and protocols.
The impact on developing countries of these and other
changes in the international governance regime, that is,
changes in the scopeandenforcementof intellectualprop-
erty protection, are extremelydi⁄cult to predict. It is rela-
tively certain, however, that they will lead to new market
structures for ICTs on a global basis. Some developing
countries will fare better than others in adjusting to the
changes in the global economy.Developing countries will
need to match their strengths to new opportunities and
counter the negative impacts of changes in the global
market. They will need to build new capabilities to use
ICTs to complement other important aspects of the
knowledge generation process.
The next chapter assesses the empirical evidence on the
currentandlikelyfutureparticipationofdeveloping coun-
tries in the global information society. The analysis is
limited by the absence of appropriate indicators for the
production of ICTs (hardware, software, and services)
and by the problems of capturing the social and economic
value of electronic information and communication.The
chapter emphasises several important points. First, the
rate of di¡usion of ICTs favours the industrialised, newly
industrialising, and other wealthier developing countries.
Second, the production of ICTs is highly concentrated in
the industrialised countries and a small number of newly
industrialising countries. Finally, the consumption of
ICTs is heavily concentrated in the industrialised and
wealthier developing countries.
Subsequent chapters in this report take the existence of a
‘gap’ in the rate of di¡usion of ICTs and services as a
feature of most developing countries, and especially the
least developed countries, over the coming decade.
However, the impact of this di¡erential rate of di¡usion
should be expected to vary substantially depending upon
the steps taken by stakeholders within these countries to
improve the outcomes for citizens and businesses that
may be threatened by new forms of social or economic
exclusion.
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Notes
1 Fora reviewof thedebate in thecommunication sectoron the
de¢nition of development, seeDordick andWang (1993).
2 See alsoHanna et al. (1996).
3 See, for example, Freeman (1987).
4 See Ohkawa, K. and Rosovsky, H. (1972) Japanese
Economic Growth, Stanford CA: Stanford University
Press, as discussed byDavid (1995: 25).
5 ‘Empowerment through Knowledge’ was adopted as a
corporate strategy by the International Development
ResearchCentre, Canada, in1993, seeValantin (1995).
6 National innovation systems have been discussed by
Abramovitz (1986); Freeman (1987); Lundvall (1992b);
andNelson (1993).
7 The concept of ‘innovative recombination of technological
capabilities’ is developed by Gu and Steinmueller (1998
forthcoming).
8 For a review of these discussions since the 1960s, see
Hawkins et al. (1997); Nass (1987). In the early years,
the focus was on the growing importance of services in the
industrialised countries although some studies were under-
taken on developing countries, see for example Jussawalla
et al. (1988).
9 Convergenceat the industrylevel has been forecast formany
years, see for example Kelly (1989). Recent empirical
studies in the European Union suggest that, although there
has been evidence of horizontal integration across industry
boundaries in the 1980s, there may now be a trend towards
vertical re-integration among some of the largest players.
Components of the segments of the ICT sector are being
managed separately as lines of business even where they are
present under the same corporate umbrella, see for example
Micas (1997).
10 SeeforexampleAngandPavri(1994);Boon(1992);Stone
andMenou (1994);ChatawayandCooke (1996).
11 These countries included Barbados, Belize, Bolivia, Cape
Verde, Chile, Cuba, Estonia, Ghana, Guinea, Guinea-
Bissau, Guyana, Jamaica, Latvia, Mongolia, Pakistan,
Sao Tome and Principe, Argentina, the Czech Republic,
Indonesia, Malaysia, the Republic of Korea, Peru,
Singapore, Venezuela, and Mexico. Democratic Republic
of the Congo, Ivory Coast, Ecuador, Nicaragua, Panama,
Senegal, South Africa, Sri Lanka, and Zambia were
expected to make o¡ers for market liberalisation in the near
future.
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2. Indicators of developing country participation in
`knowledge societies'
2.1 Introduction - New market opportunities
Markets have always been shaped by informational imbal-
ances: traders who scanned 17
th
century port registers for signs
of overdue ships are pretty much the same as arbitrageurs
betting on co¡ee futures based on rainfall reports from Brazil.
But in an advanced industrial - call it interconnected - world,
much of that information advantage or disadvantage disap-
pears.`Information is transparent today', says Jon Corzine,
CEO of the investment ¢rm Goldman Sachs `No-one really
generates a long term competitive edge just because they know
something that someone else doesn't. Anyone with a Reuters
terminal and a phone is prowling the same level (andmuch less
pro¢table) playing ¢eld as Goldman's highly trained, high
octane traders ... So the ever-hungry marketeers are creeping
out into less well-known but potentially more lucrative terri-
tory: the developing countryworld (Branegan et al.1997: 34).
The world information technology market (including
computers, software, peripheral equipment, and the
customer interface) was estimated at US$ 514 billion in
1995.The market is highly concentrated in the G7 coun-
tries which account for about 88 per cent of the market
(OECD 1996b). Although growth is widespread, it is
uneven. For the economies in transition, middle eastern
and African countries, the speed of global developments
has been so rapid that even their 10.6 per cent annual
growth rate was insu¤cient to prevent a decline in their
sharefrom3.1to2.6percentinthepastdecade(seeTable2.1).
As the spokesman for Goldman Sachs, quoted above,
makes clear, the major economic players in the world are
pushing to extendtheirmarkets into the developing coun-
tries. Developing countries are often proving to be part-
ners eager to extend the market by becoming suppliers
and investors in ICTs. In becoming suppliers, countries
are motivated by the possibility of following the dramatic
export-led growth example of the newly industrialised
Asian economies. As investors, developing countries are
improving their capabilities to use ICTs to provide the
infrastructure for modern global business. It is believed
that such investments will assist domestic companies to
integrate with the global economy and enhance the
prospects for foreign direct investment.
These e¡orts are contributing to rapidgrowth.Even rapid
growth,however,maynot lead to convergence in the avail-
ability of ICTs for vast segments of the world's people,
and particularly those in the poorest countries. The last
decade's experience in the transition economies, the
Middle East, and Africa illustrates that, for people in
much of the developing world, these technologies may
continue to be exotic and inaccessible well into the next
century.
This chapter examines the usefulness and limitations of
the available indicators of developing country partici-
pation in the creation of `knowledge societies'. Among
the many limitations of these indicators are their short-
comings in re£ecting the human dimension of knowledge
society developments. While it is comparatively easy to
inventory physical capital and sales of tangible products,
it is much more di¤cult to assess the nature and quality
of human `capital', the skills and capacities of individuals
acting alone and ingroups.Yet it is precisely the character-
istics of human capital that are critical in the e¡ective use
of ICTs.
Table 2.1 -World-wide information technology market
breakdown, 1985-1995
1985 1995 1985-95
CAGR
By geographic area: % % %
North America 59.2 43.5 9.4
Latin America 1.5 2.0 15.6
Western Europe 22.1 28.3 15.6
E. Europe,Middle East and
Africa
3.1 2.6 10.6
Asia Pacific 14.0 23.7 18.9
100.0 100.0
Bymain segment
PCs andworkstations 20.9 30.5 17.2
Multi-user systems 29.5 13.0 4.0
Data communication equipment 3.0 4.3 17.0
Packaged software 13.5 18.4 16.3
Services 33.1 33.7 13.0
100.0 100.0
Note: CAGRmeans `compound annual growth rate'
1
Source: OECD Secretariat compiled from IDC data OECD (1996b).
2.2 Catching-up, forging ahead or falling
behind?
While ICTs can contribute to economic growth and
competitiveness, they also introduce new challenges for
developing economies. In thinking about the role of ICTs
it is important to avoid the pitfall in reasoning called tech-
nological determinism. Growth in the use of ICTs is
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often thought of as a cause of economic growth but it may
also be a result of economic growth.When ICTuse is said
to be a cause of economic growth, it is because ICTs are
being used in the construction of larger human and physi-
cal systems that are capable of generating economic
value. Adding equipment without adding physical and
human capital is likely to increase electricity usage rather
than economic growth. The challenge of mobilising the
complementary investments in physical and human
capital is often larger than that of raising the funds to
invest in the technology.
ICTuse is also the result of economic growth. In societies
with higher levels of income, individuals employ ICTs to
conserve the increasingly costly human inputs of their
own and others' time. They also use ICTs to forge links
between the growing number of information resources
and to produce novelty in applications aimed at produc-
tivity, education, or entertainment. As ICTuse increases
as the result of economic growth, the challenge is to
develop and exploit these emerging opportunities. This
process often requires new methods of organisation and
new investments in physical and human capital.
Given the economic signi¢cance of the use of ICTs, it is
important to assess the desirability of producing them
domestically. Recent history has demonstrated that the
production of ICTs can provide a major source of export
income and, in some cases, hasten the domestic deploy-
ment of these technologies. These observations raise
questions about the contribution that ICT production
may make to development. For example, does production
of ICT products contribute to their e¡ective use or, alter-
natively, is extensive use of ICTs a pre-requisite for e¡ec-
tive production of ICT products and services? Recent
history has demonstrated, for example, Korea and
Taiwan (Pr. China), that it is possible to achieve a major
position as an exporter of ICTs with lower than average
rates of domestic use of these technologies. At the same
time, however, the sustainability of this position may be
vulnerable to the spread of production capabilities else-
where in the world.
BecauseICTs comprise agrowing share ofworldmanufac-
turing output, many countries will develop ICT produc-
tion capabilities, even if these capabilities will often be
con¢ned to the assembly of imported components and
subsystems.Atthe core of the issueofdomesticproduction
are the problems of identifying entry opportunities,
potentialpathsforupgradingtechnological sophistication
and opportunities for world class innovation, all of which
are subject to increasingly vigorous competition. Thus,
while domestic ICT production is likely to occur in many
developingcountries, itspotential contribution to domes-
tic growth and export earnings must be viewed with
caution.
Growing ICTuse is aided by persistent price reductions
and quality improvements that are the result of improve-
ments in the science and technology of new materials.
Foremost among these advances has been the progressive
improvement of integrated circuit semiconductor fab-
rication methods and opto-electronics (¢bre optic and
semiconductor laser technologies).
2
Integrated circuits
are the foundation for the personal computer while opto-
electronics are responsible for dramatic increases in the
capacity (and hence the potential for cost reduction) in
the telecommunication network. The use of these new
technologies in industrialised countries continues to
expand while growth is now accelerating in the newly
industrialising and some of the developing countries.
Analysing the possibilities for ICTs to contribute to
knowledge-based social and economic development
requires a systematic method for graphing indicators and
makinginternationalcomparisons.Thetaskof assembling
the appropriate indicators is hindered by the enormous
variety of ICTapplications. These range from expensive
capital goods such as machine tools to the simplest por-
table calculators and watches. Similar problems exist in
attempting to assess the comparative development of
ICT-based services. Existing data for the industrialised
countries do not provide a complete picture of the full
size and nature of the ICTuse. Data for the developing
countries provide an even less complete picture. For
many of the least developed countries, useful indicators
are virtually non-existent.The absence of adequate statis-
tics is particularly troublesome because of the impacts of
these new technologies on new investment demands,
application opportunities, and production possibilities.
These impacts are large and are likely to become larger
during the coming decade.
One approach to these data problems is to use some of the
available indicators to create a coherent conceptual frame-
work. If it is properly constructed, such a frameworkwill
suggest some of the key features bywhichICTs, combined
with the requisite human skills and organisational
changes,may make signi¢cant contributions to economic
development.The next section (2.3) outlines a conceptual
framework. Sections 2.4, 2.5, and 2.6 examine several of
the key indicators that can be used to implement this
framework.They can also be used individually to analyse
key issues about the relationship between ICTs and social
and economic development.Section2.7brings these indi-
cators together to illustrate how this framework can be
implemented in practice and to assess its limitations and
applications. The chapter concludes with a brief summ-
ary of the key issues for improving existing quantitative
techniques.
2.3 The INEXSK (INfrastructure, EXperience,
Skills, Knowledge) approach
The aim of the measurement technique is to provide
insight into how infrastructure, experience, and skills
may contribute to knowledge-based economic growth
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2 Indicators of participation
and development.These factors can be displayed using a
simple diagram as in Figure 2.1.
Thebase ofFigure2.1displays the indicators of infrastruc-
ture development, a means of assessing how broad or
narrow the foundation is for the development of experi-
ence and skills. A very undeveloped infrastructure
provides a narrow base for the development of either
production or consumption experiences and a similarly
specialised foundation for the application of skills.
Figure 2.1 -The basic INEXSK framework - building from
infrastructure to knowledge
Production andconsumption indicators are included next
because of the consensus among experts that knowledge
is accumulated through production or consumption
experience. In principle, it would be desirable for these
indicators to includeproductionandconsumption experi-
ence in both goods and services. In practice, however,
adequate data on service consumption are often unavail-
able even for highly industrialised economies.
3
Next
come indicators of production and consumption skills
which accompany and reinforce the production and
consumption experience indicators. At the top of Figure
2.1 is the `Ideal' indicator, the development of improved
knowledge and the application of knowledge for social
andeconomicdevelopment.There is no existing indicator,
or composite indicator, that can provide a satisfactory
measure of the progress of knowledge.
4
Figure 2.1 shows
a four-level grouping of indicators.The indicator groups
at the bottom `enable' and contribute to the indicators at
the top of the ¢gure.
This relatively simple arrangement allows comparison
betweenexperienceandskills,akeyfeatureof the develop-
ment process for ICT production and use. Figure 2 illus-
trates these relationships.
Experiencewithproduction and consumption operates to
push the new technologies into roles in the creation of
knowledge, the ¢rst set of arrows (left and right) immedi-
ately above the experience indicators.Neither production
norconsumption alone,however,will bring infrastructure
assets and experience into productive use in the creation
of knowledge. This requires `pull' in£uences from the
production or consumption skills, represented by a
second set of arrows leading to the skills level.
Finally, the diagram has a relatively larger gap between
experience and skills indicators than between infrastruc-
ture and experience, or skills and knowledge. This gap
re£ects the di¤culty in coordinating the `push' of experi-
ence and the `pull' of skills to achieve an e¡ective
outcome.This problem is highlighted byFigure 2.3.
Much of the challenge in harnessing ICTs to development
objectives lies in the problems of mobilising tacit know-
ledge and organisational capabilities to e¡ectively
connect experience with skills in the construction of
knowledge-based societies. This issue is taken up in
Chapter 3 and subsequent chapters.
In the following sections the three levels that underlie the
development of knowledge-based development - infra-
structure, experience, and skills - are examined.
For infrastructure, the traditional measure is the size and
growth of the telecommunication network (section 2.4).
Telephone networks provide a broad base for building
other types of infrastructure, such as data communication
networks, but cannot serve as the only indicator of devel-
opment. Unfortunately, few other indicators are as
comprehensive as those associated with telecommuni-
cations.Wheremoredetailedinformation is available, tele-
communication indicators can be shown to be reasonably
good proxies for other variables. For example, where it
can be examined, the extent of data networking appears
to be consistent with high levels of telephone access.
More research is needed to explain variances in the rate
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Figure 2.2 - Dynamic processes in the INEXSK framework
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and direction of other forms of infrastructure develop-
mentwith the telecommunication indicators.
To understand the contribution of experience, electronics
industry production and demand can be examined.
These are indicators of the ICT production capacities of
various countries, and of the domestic use and export or
import of electronic products. Section 2.5 reviews levels
and trends inproduction, consumption, and trade in elec-
tronics products.Althoughproduction anduse of electro-
nics products are only partial measures of the ICT
revolution, they do provide insight into the vigour of the
social and economic changes that are associated with the
process of moving toward greater knowledge use in socie-
ties throughout the world.
In examining skills, it is vital to develop measures that
indicate the state of readiness to enlarge the use of
information to develop knowledge (section 2.6). A princi-
pal indicator of such readiness is the literacy level. It is
also important to develop measures of the skills that may
be harnessed in producing or adapting ICTs.The stock of
graduates with technical degrees in engineering, mathe-
matics, and computer science is relevant here.
Section 2.7 brings together indicators from each of the
categories, that is, infrastructure, experience, and skills,
in a charting technique called the `ICT footprint'.
5
The
`footprint' technique is developed from the INEXSK
framework. It can be used tomake inter-country compar-
isons and to benchmark the performance of di¡erent
regions in preparing for, and participating in, the ICT
revolution. It is also a means of organising the thinking
about how other measures might be derived and used in
the construction of international comparisons and stra-
tegic planning studies.
2.4 Analysis of telecommunication
infrastructure and investment
V|rtually all the statistics on ICTs
focus on production in, and trade
amongst, the most developed
countries. There are major prob-
lems in charting the nature and
extent of ICT infrastructure in the
`restoftheworld',that is,themajor-
ity of the world's population. For a
fewdeveloping countries, particu-
larly thosewith signi¢cant electro-
nic exports, it is possible to
provide su¤ciently detailed inventories of the production
andconsumptionofICTequipmenttocreate a satisfactory
measure of the nature of the ICTinfrastructure. For most
of the developing countries, and virtually all of the least
developed countries, such inventories are unavailable.
Subsequentchapters of this reportprovidedetailed exam-
inations of several of the countries that are part of this
`rest of the world' and section 2.5 provides some `£ow'
measures of production and consumption experience in
selecteddeveloping countries.This section focuses on the
most complete available measures of the ICT infrastruc-
ture, telecommunication services. Although this is only
one facet ofdevelopment, it is amajor one.
The statistics gathered by the International Telecom-
municationUnion (ITU) on telecommunication services
are themostcomprehensive, in terms ofcountry coverage,
of any measure that is available to map the di¡usion of
ICTs.Themost recent ITUdatabase covers209 countries
and territories.
6
The database contains 102 indicators
and 24 years,
7
making it theoretically possible to have
2,448 observations per country or 511,632 observations
about the development of ICTs over the past 30 years.
While very rich, the ITU database is not as complete as
these numbers suggest. Any practical analysis of the ITU
database must make a judicious choice of variables if an
analysis of the least developed and developing countries
is to be reasonably complete.The following analysis uses
themostbasic statistics on telecommunication infrastruc-
ture and investment, variables where the ITUdatabase is
reasonably complete for a very large number of countries
for1990 to1995.
8
Telephone main lines
One of themostcomprehensively reportedstatistics in the
ITUdatabase ismain telephone lines.
9
TheITUprovides
an analysis of the growth of main telephone lines which is
summarised inTable 2.2.
Themessage of this table is very clear.Dramatic growth is
occurring in the world telecommunication infrastructure
in all countries except those with high income. In high
income countries, the market for telephone service has
matured and access to telephones is assured through
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`universal service' regulatory policies. There are pockets
where services are inaccessible and/or una¡ordable in
some regions or socio-economic groups.The maturity of
the high income country markets is con¢rmed by the
ITU indicator, residential main lines per100 households,
which was 101 for the high income countries or slightly
more than one telephone line per household.
10
The growth in main lines and main lines per 100 inhabi-
tants for low income countries is a particularly striking
feature of Table 2.2. During the1990-1995 period, China
made enormous strides in extending its telecommuni-
cation network, adding just under 34million lines in only
¢ve years, a six-fold improvement on the 1990 base.This
extraordinary performance lifts the estimated growth of
the entire `low income' group. W|thout China, the
Compound Annual Growth Rate (CAGR) for the low
income group is 13.8 per cent for main lines and 11.1 per
cent for mainlines per 100 inhabitants or about half the
reported ¢gures. This change does not blunt the main
message of Table 2.2. Telecommunication infrastructure
growth is pervasive and is occurring most rapidly in the
lower income countries. The rate of catch-up of the
lowest income countries, excluding China, with the rest
of theworld is somewhat slower than the table suggests.
Table 2.3 provides an analysis of regional performance to
discern other signi¢cant di¡erences in the pattern of
growth in telecommunication infrastructure.
When considered on a regional basis, more variety is
apparent in the pattern of growth in telecommunication
infrastructure. Sorting by the rate of growth of main lines
per100people,ninedistinctpatterns canbedistinguished.
1 Chinais inaclassbyitselffor the1990-1995periodwith
extraordinary growth performance. The explosive
growth of China, if it were possible to sustain it for
another ¢ve years,would allow it to overtake the devel-
oped world in eight years. This is only partly a
statistical illusion of growing from a small base.
Between1990 and1995China added nearly 34million
Table 2.2 -Telephone main lines growth by ITU country grouping
ITU income group
Main lines
CAGR%
1990-1995
Main lines/100
CAGR%
1990 -1995
% Share of
global total of
main lines 1995
Main lines/100
inhabitants
1995
Low income 27.4 24.9 9.3 1.98
Lower middle income 8.2 6.6 14.9 9.09
Upper middle income 8.2 6.4 10.1 14.51
High income 3.5 2.8 65.8 53.16
Note: Shares computed from reported data on total main lines.
Source: ITU (1997).
Table 2.3 - Patterns of telecommunication infrastructure group by region
Notes Region
CAGR
Main lines/100
inhabitants 1990 -1995
Main lines/100
inhabitants
1990
Main lines/100
inhabitants
1995
1 China 40.9% 0.6 3.4
2 Asia NIEs Second Tier
Other Asia
18.6%
15.3%
1.6
0.6
3.7
1.3
3 Mahgreb
West Asia
11.4%
10.0%
2.6
7.2
4.5
11.5
4 Other North Africa
South America
Oceania Developing
8.0%
7.5%
7.5%
2.3
6.3
3.3
3.4
9.0
4.7
5 Europe Developing
Caribbean
6.5%
6.0%
14.2
5.5
19.4
7.3
6 Asia NIEs First Tier 6.0% 32.3 43.1
7 Eastern Europe
Sub-Saharan Africa
4.9%
4.0%
13.4
0.4
17.0
0.5
8 Developed 2.7% 45.2 51.5
9 Central Asia 2.6% 7.9 8.9
Note:The countries in each region are listed in the appendix to this chapter.
Source: Calculated from ITUSTARSDatabase (1996).
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main telephone lines or 20 per cent of a United States
level accumulated over one century of development.
2 The Second T|er Newly Industrialising Economies
(NIEs), Indonesia, Malaysia, and Thailand, are also
growing very quickly, although they are likely to fall
behind China at current expansion rates. In the Other
Asia region, India, Philippines, Pakistan, and V|et
Nam have been experiencing rapid growth rates of 13
per cent, 18 per cent, 20 per cent, and 51 per cent,
respectively. If sustained, these rates applied to the
current base of these countries will propel them to
near parity with the older industrialised economies
within a decade. The only other large country in this
group, Bangladesh, is experiencing slow growth of 3.5
per cent.
3 Thegrowthrateofcountries intheMahgrebregionand
West Asia is su¤cient to attain convergence over a
moderately long period of time. At these rates, the
Mahgreb region, in 20 years will reach the level of
Ireland, which at 36.5 was the country in the
European Union with the lowest number of main
lines per 100 inhabitants in 1995. Starting from a
higher base than the Mahgreb region,West Asia, at a
similar rate of growth, will reach Ireland's level in 13
years.
4 AlthoughSouthAmericancountries aregrowingmore
slowly than the Mahgreb and West Africa, they are
growing froma largerbase andthe time to convergence
is about the same, 19 years. For Other North African
and Developing Oceania countries, convergence will
be slower, requiring 31 and 29 years, respectively, to
reach Ireland's1995 level.
5 Although thegrowthrates oftheEuropeanDeveloping
countries (Malta and the republics formed from the
formerYugoslavia) and theCaribbean are similar, they
are on markedly di¡erent base levels. For the
Caribbean, at current rates convergence with Ireland's
level would take about 20 years. The higher base for
the European developing countries will lead to this
level in half that time, 10 years.
6 The First T|er NIEs have nearly converged with the
industrialised world and their faster rate of growth
suggests parity will be achieved in the next ¢ve years.
7 Although Eastern Europe and Sub-Saharan Africa's
ratesofgrowtharesimilar,theyareoccurringon entirely
di¡erent base levels.The penalty of a slow growth rate
on a moderate base for Eastern Europe is that it will
take 15 years at current growth rates to reach Ireland's
present level.The penalty of slowgrowth on a lowbase
for Sub-Saharan Africa is that it will take over a
century for it to reach the1995 level of Ireland.
8 In the industrialised world, maturity means slow
growth rates.The very high base level in industrialised
countries means that signi¢cant additions are still
occurring. In the United States, for example, more
than 28 million lines were added between 1990 and
1995.This was almost three times as many as in Other
Asia during the period and only slightly belowChina's
exceptional performance.
9 Central Asia, the former Soviet Republics east of the
Caucasus, have the misfortune to be growing very
slowly on a small base level. At these rates, catching
up to Ireland's1995 level will take over 50 years.
This analysis can be used to recast the country groupings
in terms of convergence.The basic message is that `catch
up' is occurring in the rapidgrowthof telecommunication
infrastructure. However, at present rates this process will
not be rapid for many countries. For a few, it is literally
out of sight into the future (seeTable 2.4)
Table 2.4 - Convergence and `catch-up' in
telecommunications
Convergence criteria to the lowest level in industrialised countries
Advancing at the frontier or
nearly converged
Developed countries, First Tier
NIEs
Convergence will take a decade Second Tier NIEs, China (highly
optimistic), European
Developing Countries,West Asia
Convergence will take a
generation (15-20 years)
Eastern Europe, China (more
realistic), Other Asia, Mahgreb,
Caribbean, South America
Convergence will take 30 years Other Northern Africa and
Developing Oceania
Convergence is out of sight
(50-100 years)
Sub-Saharan Africa, Central Asia
Source: Calculated from ITUSTARSDatabase (1996).
It is remarkable that, compared with other measures of
convergence such as gross domestic product (GDP) per
capita, the rates ofgrowthof the telecommunication infra-
structure are su¤ciently rapidthat convergence is foresee-
able for the majority of the world's population.
Achieving and sustaining this pace of growth requires
substantial investment and trade. At present, and for the
foreseeable future, key equipment for extending the tele-
communication infrastructure will originate in the coun-
tries with a highly developed telecommunication
infrastructure. A considerable portion of the investment
in telecommunication infrastructure will also be taken up
by the costs of construction.
2.4.1Telecommunication infrastructure
investment
Extending or improving a telecommunication network
requires equipment investment, particularly in central
o¤ce switches and for building the copper or ¢bre-based
grid used for carrying messages. Fibre optic cables have
matured substantially in the past twenty years although
25
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their higher carrying capacity is partly o¡set by splicing
costs.Thus, technologies for connecting switches remain
divided among ¢bre, cable, or microwave links while
most individual residence connections continue to be
copper wire. In some developing areas, such as eastern
Europe and China, signi¢cant additions to capacity are
being made with the use of cellular telephone networks
which have the advantages of reducing construction costs
and time.
Historically, investment costs for equipment and
construction were ¢nanced as very long term capital
investments bygovernment telecommunication adminis-
trations. Increasingly, these investments are made in a
commercial framework where returns on investment are
expected to be competitive with alternative investments.
In both the industrialised and developing countries,
demand for telecommunication service may be increased
by reducing tari¡s and by the process of economic
growth.
11
Recent trends suggest that revenue growth and
thepotentialeconomicreturns toinvestment are strongest
in those countries that are experiencing rapid economic
development. Investment in the less rapidly developing
countries is less likely to bring increases in revenue. If
infrastructuredevelopment is based solely upon commer-
cial returns, the rate and direction of investment may be
insu¤cient to meet development and access goals.
Indicators of recent trends using telecommunication
revenues and investment are shown in Table 2.5. The
rows of the table are arranged by the `convergence classes'
discussed above so that the leaders are at the top and the
regions for which convergence is `out of sight' are at the
bottom.The ¢rst column of this table indicates the per-
centage change of revenues received in the region in1994
comparedto1990.This indicator,unadjusted for in£ation,
provides an estimate of the growth of the market in the
region. Since most telecommunication networks were
monopolies during the period observed, revenue growth
is not necessarily closely linked to changes in cost. For
example, ¢scal requirements may dictate higher pricing
and these may result in higher revenues if income is
growing in a particular region.
In the Asia Developed countries revenue requirements
appear to be driving the market. Revenues have increased
Table 2.5 - Indicators of infrastructure development for developing regions from ITU data
Region
(ordered by
convergence group)
Revenue
percentage change
1990 -94
Revenue per main
line percentage
change 1990 -94
Investment per
main line
(see text)
Percentage
change in main
lines 1990 -1994
Percentage change
in investment
(see text)
Asia Developed 75.1 58.5 3,626 10.5 33.9
Asia NIEs First Tier 62.3 22.4 794 32.6 2.5
Oceania Developed 43.6 11.5 1,933 13.5 -17.0
Europe Developed 27.0 10.6 2,005 14.7 -3.8
Africa Developed 21.0 6.3 1,135 13.9 72.2
America Developed 10.6 -3.7 1,118 14.8 3.7
Asia NIEs Second Tier 92.7 -5.1 444 103.1 38.6
Europe Developing 28.2 -9.3 637 41.4 -40.9
West Asia 18.5 -31.0 179 71.7 -0.5
China 209.0 -22.3 204 297.5 207.6
South America 66.5 13.8 782 46.2 13.1
Other Asia 42.0 -26.2 417 92.4 22.9
Caribbean 21.2 -7.8 825 31.5 -9.6
Mahgreb 19.2 -31.4 477 73.7 -0.5
Eastern Europe -26.2 -39.6 300 22.1 -25.9
Oceania Developing 64.7 26.5 943 47.7 -11.5
Other North Africa -0.9 -35.4 288 53.3 32.9
Sub-Saharan Africa 16.4 -13.3 1,588 34.3 2.4
Central Asia -67.7 -75.9 62 34.1 -34.5
Note:The countries in each region are listed in the appendix to this chapter.
Source: Calculated from ITUSTARSDatabase (1996).
26
considerably faster on a total and per line basis than the
increase in main lines. Some of this revenue growth was
necessary to pay the very high costs of additional lines in
these countries (to take account of the `lumpy' character
of investment, the total number of main lines added
between 1990 and 1994 is divided by total investment in
these years to give the values in column three of Table
2.5).Yet,sincebothcountries areat a similarlevelofmatur-
ity to Europe and North America, the high investment
cost per main line also raises questions about the level of
e¤ciency of telecommunication operations.
12
The performance of the second convergence group is
particularly interesting.These countries are experiencing
signi¢cant revenue growth in the face of declining
revenue per main line, while the investment cost of
adding main lines is one of the lowest in the world.This
experience is the realisation of economies of scale during
rapid growth which is also occurring in China and Other
Asia (including India and Pakistan).
Toward the bottom of the third group, the decline in
revenue per main line and modest total revenue growth
become a constraint to the addition of telecommunication
capacity. This is re£ected in the decline in investment
from the ¢rst to the second half of the period. In the
fourth group, the performance of Developing Oceania is
anomalous. A modest total, and per line, revenue growth
seems to be consumed by the relatively high costs of
adding main lines leading to a low rate of investment.
Nevertheless, the number of main lines is increasing
fairly rapidly on a small base, suggesting a targeted devel-
opment e¡ort. In Other North Africa (largely Egypt), the
determination to push forward with development (the
signi¢cant increase inmainlines) is remarkable given stag-
nant revenue and a decline in revenue per main line. In
Sub-Saharan Africa and Central Asia almost all the
trends are negative. Particularly notable is the very high
cost per main line of capacity additions in Sub-Saharan
Africa. A number of factors contribute to these high
costs, for example, cost allocation and reporting method-
ologies, geographic and climate conditions and distance
factors, procurement practices of operators, and equip-
ment design and architecture issues.
One means of addressing the problem of mobilising the
investment required for improving the telecommuni-
cation infrastructure is to attract foreign investment in
the telecommunication infrastructure. Such investments
may be forthcoming if a number of conditions are met
including an attractive rate of return on investment.
Developing and newly industrialising economies are
engaged in implicit and explicit competition to make
such investments attractive. Vladimir Quintero has
concluded that pro¢t expectations, market size, required
investment per monetary unit of revenue, and taxes on
telecommunication income are important indicators of
the relative attractiveness of particular countries for
foreign direct investment.
13
In summary,thepatternof telecommunication infrastruc-
ture investment may contribute, or fail to contribute, to
convergence. Investment trends may be constrained by
available revenue, or buoyed up by rapid economic
growth.By analysing investment in terms of `convergence
classes' it is possible to assess the magnitude of the `catch
up'e¡ort.When revenue growth rates are related to invest-
ment, convergence opportunities andconstraints, includ-
ing the prospects for attracting foreign investment, to
¢nance capacity additions can be estimated. It is not clear
that convergence will be achieved in all cases solely
through market-initiated or market-led processes
because of revenue constraints.This is particularly so for
the two slowest converging groups. Proactive policies
also may be needed in the middle group of countries
whose inhabitants constitute the majority of the world's
population.
2.4.2 Telecommunication and development:
reviewing the relationship
The least developed countries do not appear often in this
analysis because of the absence of meaningful data for
measuring the nature and extent of activity in economies
that are unable tomakemajor investments in the commu-
nication infrastructure. For these countries, the process
of developing an ICT capability is protracted. It is useful
to examine a traditional measure, the relation between
main telephone lines per 100 population and national
income measured asGDPper capita.These are measures
that have been shown to be closely related.
14
Both these
measures are the result of long-term historical develop-
ment. Therefore, neither is subject to the problems of
short-term setbacks or detours in the development
process.
Despite the fact that main telephone lines per 100 popu-
lation is a measure of only one component of the know-
ledge and ICT infrastructure, it is a measure that may be
correlated with other indicators in addition to GDP per
capita. Although understanding of the levels of use of
information technologies lags substantiallybehindunder-
standing of the use of communication technology, it is
generally believed that the two are closely related.There
may be a country in the world in which the per capita use
of computers is far greater than the use of the telephone.
If so, it would be a major ¢nding of great interest to the
world. Because of the likely close correlation between
investments in communication technology and invest-
ments in information technology in the long term, it is
useful to look at the traditional measure in a newway.
The approach taken is to look at those countries that are
performing substantially better and worse than the
predicted relationship between main lines per 100
27
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Figure 2.4 - Main lines per 100 inhabitants and GDP per capita for the industriali sed world
Note: Main lines per 100 inhabitants based on1995 values for main lines in operation and population. GDP per capita based on most recent
available values.
Source: Compiled from ITUSTARSDatabase (1996).
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Figure 2.5 - Main lines per 100 inhabitants and GDP per capita for countries with less than 30 main lines per 100 inhabitants
Note: Main lines per 100 inhabitants based on1995 values for main lines in operation and population. GDP per capita based on most recent
available values.
Source: Compiled from ITUSTARSDatabase (1996).
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inhabitants and national income. The basic picture is
shown inFigure 2.4.
Figure 2.4 displays the countries for which measures of
annual GDP per capita in US dollars (x-axis) and main
telephone lines per 100 population (y-axis) are available
for either1994 or1995.The relationship is that as income
goes up, so does the number of main lines. At very high
income levels (above US$ 20,000 per year) there is some
saturation of demand, as in Japan. In the US$ 10-20,000
range, the less a¥uent industrialised countries, there is
greater variation, but only seven countries in this income
range have main lines per 100 inhabitants below 30, or
about one phone for three inhabitants. All seven of these
countries are notable for substantial concentration in the
distribution of income. Some people are very rich while
thestandardsoflivingofothers arecloser tothe developing
world.Ofparticular interest are twoformer socialist coun-
tries, Bulgaria and Slovenia, with exceptionally high tele-
communication accessibility relative to their incomes. In
general, however, there is little that is surprising in this
¢gure. In industrialised countries, the relationship
between income and telecommunication access is excep-
tionally regular. Some countries do somewhat better
than their income would predict, while others do some-
whatworse.
Themore interesting stories are to be found in themass of
countries contained in the lower left hand box of Figure
2.4. Figure 2.5 shows the result if the lower left hand
corner of Figure 2.4 is examined for the countries with
numbers of main telephone lines per 100 population of
less than 30.
Once again, amass of countries appears in the lower left of
Figure 2.5 representing those countries with less than 10
main lines per 100 inhabitants and annual GDP per
capita below US$ 4,500. The steeper of the two lines in
Figure 2.5 takes into account the unnamed countries in
the box. The shallower line takes account only of those
countries having 10 to 30 main lines per 100 inhabitants.
These two lines provide two standards for examining the
performance of the named countries. Falling below the
steeper line is a likely indication of problems in the devel-
opment of the telecommunication infrastructure. This
issue was identi¢ed for the countries in the upper right
hand portion of Figure 2.5. Income distribution issues
also seem to be playing a role in Saudi Arabia, Oman, and
Libyan Arab Jamahiriya. Argentina and Mexico (falling
just inside the box in the lower left corner) fall below the
steeper line (which de¢nes an easier standard for infra-
structure development). Numerous reasons, including
¢nancial crises during recent intensive investment
periods in telecommunication infrastructure growth,
may be responsible for this position. Nevertheless, the
`gap' in performance of both these countries indicates
the conclusions that can be drawn from a careful reading
of these data.
The striking feature ofFigure2.5 is the composition of the
countries. Of the 20 countries above the shallow line, 10
are former socialist countries, 7 are island economies and
3 are left over (United Arab Emirates, Turkey, and
Uruguay), all middle income countries. Of the 20, 13
have GDP per capita comparable to the countries in the
box on the lower left of Figure 2.5. They are notable for
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Figure 2.8 - Main lines per 100 inhabitants and GDP per capita for countries with less than 1 main line per 250 inhabitants
Note: Main lines per 100 inhabitants based on1995 values for main lines in operation and population. GDP per capita based on most recent
available values.
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having distinctly greater telecommunication infrastruc-
ture development as compared to that predicted by their
income.One conclusion is that,under socialism, relatively
more telecommunication infrastructure was constructed.
Island countries, in some cases because of their ¢nancial
and tourism connections, are likely to construct more
extensivenetworks thanothercountries of similar income.
Figures 2.6 and 2.7 trace the relationship between income
and telecommunication infrastructure, ¢rst for countries
with between 2 and 10 main lines per 100 inhabitants,
and then for countries with between 0.4 and 2. Most of
the world's developing countries appear here as well as
some countries that have achieved signi¢cant levels of
industrial development, for example, Brazil.
InFigure2.6most of the identi¢edcountries are above the
level of US$ 1,000 per year in GDP per capita. This is
used as the de¢nition of `least developed' country. The
diagonal line in the diagram is an estimate of the average
relationship, taking into account all of the plotted points
(including the unnamed countries in the box in the lower
left hand corner).The ¢fteen countries appearing below
this line have a less developed telecommunication infra-
structure than would be expected from their income
level. Saudi Arabia and Oman already have been
mentioned.LibyanArabJamahiriya andIraqare countries
where international con£ict has led to embargoes on key
telecommunication equipment, a factor that may explain
some or all of their current underdevelopment. Similar
issues are likely to have in£uenced performance inYemen
andGabon.
Botswana andGabon are examples of countries that have
achievedahigher level ofeconomicperformancewith rela-
tively undeveloped telecommunication infrastructure.
Both countries have GDP per capita levels similar to
South Africa and Thailand which have far better devel-
opedtelecommunication infrastructures.Good prospects
for furthergrowth in the latter two countries are expected.
Whether Botswana and Gabon will also continue to
grow,anddo sowithoutcatchingup in telecommunication
infrastructure, raises key questions about the relationship
betweendevelopment andtelecommunication infrastruc-
ture for the next decade. Similar questions about growth
potential may be asked about the relationship between
countries around the US$ 2,000 GDP per capita level
where Colombia, El Salvador, Peru, Cuba, and Paraguay
are displayed.
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Turning to the lower income countries in Figure 2.7 the
relatively strong performance of Indonesia, Pakistan, and
Gambia are indications of the parallel development
of economies and telecommunication infrastructure.
Similarly, the economic growth of Cameroon,
Mauritania, Guinea, Nigeria, and Angola has been
weaker with civil turmoil and strife in£uencing the
recent performance of the last two countries.
Finally,Figure2.8shows the countrieswith theverylowest
state of development of telecommunication infrastruc-
ture, thosewith less than0.4mainlinesper100 inhabitants
or 1 main line per 250 inhabitants. All the countries
displayed are among the least developed by most
measures.Many of these countries have experienced civil
strife in recent years and a number of the countries
performing below the group average represented by the
diagonal line in the diagram, share this characteristic (for
example, Somalia, Cambodia, Uganda, Central African
Republic). Of the 22 countries in Figure 2.8, 15 are in
Sub-Saharan Africa, one of the regions having the worst
prospects, based upon its growth history, for achieving
convergence with the remainder of the world. For the
people of these countries, telecommunication infrastruc-
ture is simply not part of everyday life or experience.
E¡orts to improve upon this infrastructure are likely to
compete with other urgent social and economic needs.
What, if any, strategy for developing telecommunication
infrastructure in these countries will contribute to reliev-
ing poverty is an urgent question that is considered
further in Chapter 6.
Telecommunication networks are only one aspect of the
technological infrastructure needed for enhancing the
relationshipbetweenICTsandknowledge-based develop-
ment. There are two reasons why telecommunication is
central to the analysis of development. First, telecommu-
nication infrastructure is more broadly dispersed and
developed than other ICTs, such as personal computers.
Second, measures of telecommunication development,
such as main lines, are available for virtually all countries.
Similar indicators for other ICTs are far less developed.
Where available, they tend to be based on proprietary
marketing studies or isolated reports on individual coun-
tries. This situation may change in the coming years as
the signi¢cance of all components of the ICT infrastruc-
ture is better appreciated. Improved data would make a
substantial contribution to providing an empirical basis
for understanding the rate and direction of technological
change. Broader measures of the ICT infrastructure
would assist in the construction of knowledge-based
societies throughout the world.
2.5 Overview of the global production and use
of ICTs
This section examines the role
of production and use of ICTs
in building upon the tele-
communication infrastructure.
Production and use are impor-
tant in providing the impetus
to build knowledge-based
economic and social develop-
ment. They are also important
for the more familiar issues of
``Ideal''
knowledge
indicator
Production
indicators
Consumption
indicators
Experience
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stimulating economic growth andmanaging foreign trade
de¢cits. This section provides a global overview of ICT
production, followed by an examination of consumption
patterns and the implications of production and
consumption for foreign trade balances. An analysis of
experience in some of the newly industrialising countries
indicates a continuing distinction between export-led
growth based on ICTs and the development of strong
experience in ICT use as part of a knowledge-based
growth strategy.
2.5.1 Producing ICTs
Table 2.6 provides an overview of estimated production of
the electronics industry for 1996 arranged according to
nineteen regions:
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Table 2.6 - Electronics industry production, 1996
Region 1996
(US$million)
1 America Developed 283,423
2 Europe Developed 193,351
3 Africa Developed 1,571
4 Asia Developed 260,787
5 Oceania Developed 3,909
6 South America 32,548
7 Caribbean n/a
8 Mahgreb n/a
9 Other North Africa 222
10 Sub-Saharan Africa n/a
11 West Asia 2,362
12 Central Asia n/a
13 China 33,369
14 Asia NIEs First Tier 121,419
15 Asia NIEs SecondTier 48,284
16 Other Asia 12,459
17 Oceania Developing n/a
18 Europe Developing 552
19 Eastern Europe 6,710
Total Electronics Production 1,000,966
Note: For country and territory groupings see the appendix to this chapter.The Else-
vier data are based upon 50 countries of which only three, China, Egypt and India,
are classified as least developed countries (LDCs) by the criteria of GDP per capita
less than US$ 1,000 per year.
Source: Calculated from Elsevier (1996).
Although electronics production has begun to spread to
the developing countries, it continues to be dominated
by the industrialised countries. In 1996, 53 per cent of
production was accounted for by Japan and the United
States. An additional 20 per cent of production came
from other industrialised countries. Thus, about one-
quarter of production occurs in countries that are either
newly industrialised or industrialising.
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The greatest amount of this production is performed in
the newly industrialised economies of South East Asia
where electronics production has become a key compo-
nent of the industrialisation process. Table 2.7 provides
details of 1996 production based on 27 countries and
territories surveyed by Elsevier of which seven are newly
industrialising economies (NIEs) (four in the First T|er
and three in the SecondT|er), twelve other industrialising
countries (which include China, Egypt, India, and the
Philippines as well as countries from South America and
West Asia), two countries - Croatia and Slovenia - from
`developingEurope'andthe eighteasternEuropean coun-
tries.The three largest industrialising country producers
Brazil, China, and Mexico, are reported separately from
the total for `other industrialising countries'.
Ineachofthese sectors,manufacturingopportunities exist
for technologically mature products in which developing
countries can be competitive and for products in which
labour-intensive assembly operations are required. The
early growth of the electronics industries in Singapore,
Republic of Korea, Taiwan (Pr. China), Malaysia, and
Thailand, was based upon assembly operations for the
world's largest producers in the United States and Japan.
These last two countries remain active in this market in
addition to their growing domestic capabilities. The
production pro¢les of the First T|er NIEs is beginning to
resemble that of more industrialised countries.There is a
decline in their share of consumer electronics production
as other industrialising countries improve their position.
2.5.2 Market demand and trade
One of the reasons that it has been argued that ICT
production is essential to ICTuse has been the close corre-
lation until recent years between the level of production
and internal demand for electronic production. On the
supply side this pattern has changed as the result of the
`export-led' growth strategies of the NIEs. NIEs ran an
export surplus in electronics production and,at least initi-
ally, appeared to be investing less in ICTs than would be
expected from their growing income and wealth. This
was a concern for some industrialised countries that lost
market share for more mature ICT products. These
losses, due to competition from the new producers, were
not compensated for by added revenue from selling more
innovative or `state-of-the-art' products to the export-led
countries during the 1980s. This trend contributed to
bilateral trade tensions.Multilateral trade did not amelio-
rate the problem since demand in developing countries
was also growing relatively slowly. Slow growth in
imports in the developing countries was partially due to
foreign exchange rationing and self-reliance policies as
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well as theweakgrowthperformance ofmanyof the devel-
oping economies.
These trendshavechangedover thepastdecade.TheNIEs
are investing at a much more rapid pace in ICTs. Many
more countries without signi¢cant production capacities
have begun to invest more aggressively in ICTs. They
havedevelopedsigni¢cantsectoralbalanceoftrade de¢cits
in electronics as a result.These countries include develop-
ing countries that have both liberalised their economies
and begun to experience economic growth, as well as
countries like Greece and New Zealand.Table 2.8 shows
the distribution ofdemandas of1996 in terms of domestic
sales. The domestic production ¢gures are subtracted
from domestic sales to derive imputed imports (the
numbers in parentheses) and exports (the numbers
without parentheses) in the third column. The bottom
number in the third column shows that countries that are
not covered by the Elsevier data, had imputed imports of
electronics of US$ 60 billion from the electronics produ-
cing countries.
18
Japan's imputednetexports are approximatelyequal to the
imputed net imports of the United States and Europe
combined(seeTable2.8).Although thesedeveloped coun-
tries are important trading partners and the balance of
Table 2.7 - Electronics industry production, 1996 - selected developing countries and territories (US$ million)
EDP Office
equipment
Control
and
instrument
Medical
and
industrial
Broadcasting
radio and
radar
Telecom.
equip.
Consumer Components Total
First Tier NIEs
HongKong 1,582 487 103 137 867 388 2,840 2,704 9,109
Singapore 21,298 305 534 89 1,087 558 2,835 12,410 39,117
Korea (Rep.of ) 6,062 353 324 341 2,441 2,218 7,806 26,084 45,628
Taiwan (Pr.China) 15,216 156 142 281 852 1,573 1,083 8,261 27,565
Total First Tier 44,158 1,301 1,103 848 5,247 4,737 14,564 49,459 121,419
NIEs Share 56.8% 34.4% 23.2% 23.9% 37.4% 35.8% 27.9% 55.7% 47.1%
Second Tier NIEs
Indonesia 731 81 151 169 461 309 2,917 1,282 6,101
Malaysia 7,085 156 194 150 1,082 1,011 8,622 10,698 28,998
Thailand 5,312 506 123 71 384 436 2,375 3,978 13,185
Total Second Tier 13,128 743 468 390 1,927 1,756 13,914 15,958 48,284
NIEs Share 16.9% 19.7% 9.8% 11.0% 13.7% 13.3% 26.7% 18.0% 18.7%
Other Industrialising
Brazil 5,762 279 743 258 857 1,299 2,584 2,679 14,460
China 6,253 886 545 721 2,457 2,208 11,477 8,823 33,369
Mexico 3,282 300 339 591 1,139 832 4,740 2,957 14,180
Others 4,319 188 1,029 553 2,066 1,773 3,192 7,688 20,810
Total 19,616 1,653 2,656 2,123 6,519 6,112 21,993 22,147 82,819
Share 25.3% 43.8% 55.8% 59.9% 46.5% 46.3% 42.1% 25.0% 32.1%
Eastern Europe
Total 775 80 531 183 334 610 1,735 1,155 5,403
Share 1.0% 2.1% 11.2% 5.2% 2.4% 4.6% 3.3% 1.3% 2.1%
Total All
Selected 77,677 3,777 4,758 3,544 14,027 13,215 52,206 88,719 257,925
Source: Calculated from Elsevier (1996).
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trade favours Japan, the world is more complex than the
numbers suggest.
19
In practice, Japan's trade surplus is
spread over much more of the world than Europe and the
United States.This is not only because other areas of the
world are important trading partners for Japan, and
because the First and Second tier NIEs have a combined
trade surplus with the rest of the world approaching that
of Japan.
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What this illustrates is that the NIEs and
Japan share the trade surplus in electronics with the rest
of theworld, includingboth industrialisedand developing
countries.
Table 2.8 - Electronics industry trade by region, 1996
(US$ million)
Domestic
market
consumption
Total
production
Imputed
(imports)
or exports
America Developed 334,927 283,423 (51,504)
Europe Developed 228,145 193,351 (34,794)
Africa Developed 4,447 1,571 (2,876)
Asia Developed 174,882 260,787 85,905
Oceania Developed 11,113 3,909 (7,204)
South America 34,477 32,548 (1,929)
Caribbean n/a n/a n/a
Mahgreb n/a n/a n/a
Other North Africa 675 222 (453)
Sub-Saharan Africa n/a n/a n/a
West Asia 4,994 2,362 (2,632)
Central Asia n/a n/a n/a
China 30,199 33,369 3,170
Asia NIEs First Tier 67,919 121,419 53,500
AsiaNIEsSecondTier 26,736 48,284 21,548
Other Asia 8,775 12,459 3,684
Oceania Developing n/a n/a n/a
Europe Developing 809 552 (257)
Eastern Europe 12,232 6,710 (5,522)
Total 940,330 1,000,966 60,636
Note: SeeTable 2.6 for comments on the country groupings and the coverage of the
Elsevier data.
Source: Calculated from Elsevier (1996).
This is the basis for `export-led' growth in both the NIEs
and Japan. It is a pattern that is continuing and it is an
important source of rising living standards and Asian
demand for non-ICTgoods andservices fromboth indus-
trialised anddeveloping countries. Finally, it is important
to note that China is not, or at least not yet, following an
export-ledgrowthstrategy. Instead,it is allowing domestic
demand to develop at a relatively rapid pace. Although
China is a net exporter overall, it has major de¢cits in
active components (semiconductors), telecommunication
equipment, and control and instrumentation equipment,
all important inputs to its rapid industrialisation.
According to the Elsevier estimates of consumption the
market for all types of electronics products is widespread
(Elsevier 1996). For the less wealthy countries, the
market is of course smaller.The electronic data processing
(EDP) market in India was only US$ 807 million in 1995
or less than 10 per cent of the market in France of US$
10.5 billion despite the fact that India's population is
about 16 times larger (Elsevier 1996). On a per capita
basis, there are enormous disparities between the indus-
trialised and developing countries.
Theuse of electronics in all forms ismorewidespread than
the production.The overall size of the population in the
industrialising and eastern European countries raises
their share in consumption of electronics relative to their
production. This is, of course, not true of all countries,
for example, China's EDP market is smaller than its
production. It does indicate that in manymarkets domes-
tic production capacity is smaller than demand and net
imports are a consequence. Growing domestic markets
eventually will o¡er production opportunities for some
electronic products.
The early phases of `export-led' growth may involve low
rates of domestic ICT consumption by exporters. Table
2.9 investigates this claim showing the per capita expendi-
ture on EDP equipment for selected developing NIEs
and industrialised countries.
Table 2.9 indicates that industrialised countries like
Germany and France are investing in EDP equipment at
a rate that is closely linked to their respective popula-
tions.
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Among large countries, the United States and
Japan lead, with almost one half of the world market and
75 to 100 per cent greater per capita demand than devel-
oped countries such as France andGermany.
Smaller countries or areasmayalso achieveveryhigh rates
of ICT use. It is useful to note the experience of
Singapore, the country with the highest rate of per capita
investment in computers, and Hong Kong, where a
higher rate of investment in computers is occurring than
inmany industrialised countries.This investment re£ects
a `catching up' process. However, it also re£ects a growing
specialisation in Singapore andHongKong in computer-
using economic activities, such as ¢nance and other ICT-
intensive services.
Although the level of investment in theRepublic ofKorea
fallsbetween thatofHongKongandSingapore, it is signif-
icantly smaller on a per capita basis than in either of the
latter two areas.This indicates a less ICT-intensive invest-
ment pattern in the Republic of Korea which is similar to
that of Taiwan (Pr. China). Although these countries are
majorproducers ofICTequipment,theiruse of computers
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is more concentrated within their economies than in the
industrialised countries. Nevertheless, it is important to
note thatKorea's investment rate is approximately double
that of Taiwan (Pr. China). The patterns in the level and
per capita rate of investment are consistent with theories
of economic development based upon construction of
more ICT-intensive public and private infrastructures.
They are also consistent with a migration toward more
ICT-intensive goods and services as development
proceeds.This development process is occurring in both
industrialised countries andNIEs.
Table 2.9 - Expenditure on electronic data processing
equipment, 1995
EDP sales
(US$
million)
Population
(US$
million)
EDP
expenditure
per capita
(US$)
India 807 929 0.87
China 4,321 1,214 3.56
Rest ofWorld 65,836 2,655 24.79
Thailand 1,727 59 29.07
Brazil 6,384 162 39.50
World 262,750 5,702 46.08
Malaysia 1,021 20 50.72
Taiwan (Pr. China) 1,249 21 58.64
Korea (Rep. of ) 4,699 45 104.77
Germany 14,184 82 173.25
France 10,489 58 180.66
United Kingdom 12,947 59 221.20
HongKong 1,678 6 271.08
United States 82,946 263 315.24
Japan 50,045 125 399.69
Singapore 4,417 3 1,477.26
Note: World includes all people and world total electronic data processing equip-
ment. Rest of World includes known production not absorbed by purchases of the
above list of countries and territories and the population of countries and areas other
than those listed.
Source: EDP sales calculated from Elsevier (1996); Population calculated from ITU
(1997).
2.6 The human dimension and inter-country
comparisons
The human dimensions of the
ICT revolution involve many
aspects including the acquisition
of new skills and the restructuring
of work in ways that will support
the productive use of ICTs. ICT
use represents an augmentation
of human skills and capabilities,
but there clearly is a hierarchy of skills. This hierarchy
begins with the attainment of basic literacy.V|rtually all of
theworkprocesses inwhich ICTs canmake a contribution
to economic growth require basic literacy. Literacy is
therefore a ¢rst indicator of the attainment of the skill
levels needed to use ICTs productively.Table2.10 provides
a summary of the level of illiteracy compiled by the
United Nations Educational, Scienti¢c, and Cultural
Organisation (UNESCO).
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Table 2.10 - Illiteracy in the developing world, 1995
Illiteracy
rate%
total pop.
No. of
men
(million)
No. of
women
(million)
Latin America 13.3 26.6 33.0
Caribbean 20.9 2.4 2.6
Mahgreb 45.5 10.2 18.8
Other North Africa 49.2 16.6 28.7
Sub-Saharan Africa 45.3 83.8 139.4
West Asia 26.6 16.5 34.8
Central Asia 2.5 0.4 1.3
China 18.9 60.1 169.1
First Tier NIEs 3.1 0.3 1.3
Second Tier NIEs 14.2 12.2 26.6
Southern Asia 46.0 238.0 423.7
Pacific Islands 24.6 0.4 0.9
Eastern Europe 5.8 0.2 0.7
Developing Europe 1.9 0.8 4.2
Other 1.8 0.0 0.0
Total selected countries 29.2 468.5 885.1
Note: Data are included only for those countries and territories where data are com-
plete. Industrialised countries are not included due to insufficient data. The total
population of the `Other' region is less than100,000.
Source: Calculated fromUNESCO (1995).
Illiteracy is a fundamental barrier to participation in
`knowledge societies'. It is possible to develop `texts' and
user interfaces based solely on pictographic information
and audio-visual information. However, it seems likely
that the vast majority of the illiterate population will be
excluded from the emerging knowledge societies. This
population amounts to at least 1.35 billion people or over
30 per cent of the world's population. For every illiterate
male there are almost two illiterate females and the ratio
of female to male illiteracy is relatively constant across
di¡erent cultures. If literacy is a fundamental condition
for the growth of knowledge societies, it appears that
many of the world's people will not have the most basic
skills forparticipating in it,andwomenwillbemore disad-
vantaged than men from the outset.
``Ideal''
knowledge
indicator
Production
skill indicators
Consumption
skill indicators
Skill
indicators
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At the high end of the skills hierarchy are the professional
skills needed to design and adapt ICTs to new uses. An
indicator of the availability of these skills is the number of
graduates of post-secondary education programmes in
mathematics and engineering.Table 2.11provides a sum-
mary of the number of graduates per million population.
Table 2.11 - Graduates in engineering, computer science,
and mathematics
Region Rate per million population
1 America Developed 851
2 Europe Developed 748
3 Africa Developed n.a.
4 Asia Developed 974
5 Oceania Developed 583
6 South America 227
7 Caribbean 327
8 Mahgreb 151
9 Other North Africa 101
10 Sub-Saharan Africa 18
11 West Asia 247
12 Central Asia 665
13 China 238
14 Asia NIEs First Tier 1,735
15 Asia NIEs Second Tier 209
16 Other Asia 54
17 Oceania Developing 75
18 Europe Developing 452
19 Eastern Europe 1,440
Source: Calculated fromUNESCO (1995).
There are immense di¡erences in the extent to which
various countries are participating in the technical educa-
tion of their populations.The highest region on a rate per
million basis is the First T|er NIEs (the Republic of
Korea, Singapore, and Hong Kong; ¢gures for Taiwan
(Pr. China) are not included because of their absence
from the UNESCO source). The highest individual
country is Russia where the rate per million of engineer-
ing, computer science and mathematics graduates is
2,266. Even if this number is discounted for technical
graduates who are not strictly comparable with engineer-
inggraduates elsewhere, it is still a very impressive perfor-
mance. By comparison, the industrialised countries are
not educating as many students as a proportion of their
population.This suggests that theFirstT|er newly indust-
rialised regions andeasternEurope (includingRussia)will
continue to have an ample supply of the skills needed for
participating in future technical developments and this
may enable them to accelerate their progress toward the
frontier of technical development.
2.7 Mapping ICT indicators - A footprint
analysis
The INfrastructure, EXperience, Skills, Knowledge
(INEXSK) approach can be used for inter-country
comparisons by using indicators for each of its elements.
Eight indicators are chosen based on data availability and
their value in provoking thought about di¡erent patterns
of development in knowledge societies.
Table 2.12 presents the indicators and how they are
computed.Three factors were important in constructing
the indices. First, it is desirable to adjust for population
in measures of infrastructure and skills. A larger sized
country will often have a larger infrastructure or a larger
number of skilled individuals, but not necessarily higher
levels per inhabitant. All the measures of infrastructure
and skills as well as the two measures of `outcome',
Internet hosts and television sets, are adjusted for popu-
lation. Second, in developing an indicator for production
and consumption experience it is desirable to measure
the relative specialisation of the economy in electronics.
For these measures, the share of electronics in GDP is
used to `scale' the size of electronics experience in the
total economy. Third, it is desirable to graph di¡erent
countries on a common scale. Therefore, one country
must be chosen as the `extreme' or highest level against
which to benchmark the level of other countries. Several
of thevalues for the indicators areveryhigh for a few coun-
tries, and it is not desirable to choose the country that is
absolutely the largest in the world.This would mean that
a great many countries would have very small values on
the index. An approach was used to select the country
`taken to be100' in the analysis. Some of the graphs show
countries with index values exceeding100.
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The available indicators are particularly de¢cient for
developing and smaller countries. These limitations
prevent the comparison of many countries for which
useful insights might be developed using this technique.
For those desiring to replicate the technique, di¡erent
indicators might be chosen based upon the availability of
data.
The indicators are presented in the following and Table
2.13 presents the index values for several industrialised
countries.
The `country taken as 100' is not the country with the
highest value of the index in the world. This is apparent
in the case of technical graduates in Table 2.13. Four of
the¢ve countrieshave indexvalues(ratesper1,000of tech-
nical graduates) exceeding that of the Netherlands, the
country taken as 100. The United Kingdom is the
country taken as 100 for the index of television sets and
its value is 100, even though both the United States and
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Japan have higher numbers of television receivers per 100
population.The relative specialisation of the countries in
electronics production is reasonably well re£ected in the
index values. The relatively high consumption value for
the United Kingdom parallels its development as a
leading European site for electronics production and
foreign investment with the United States and Japan.
This is because the `consumption' measure includes the
market for intermediate goods (used in the production of
¢nal electronic products). Ireland, the country taken as
100 for both the consumption and production indices,
has a greater specialisation in electronics (relative to the
totalsize of its economy)thananyofthecountries reported
in Table 2.13. Like England, Ireland is an important site
for foreign direct investment and has developed a strong
specialisation in electronics assembly which increases the
`consumption' indicator.
Table 2.13 - Index values for industriali sed countries
Index values for France Germany UK US Japan
Personal Computers 60 74 60 147 68
Main Lines 82 72 74 92 72
Electronics Production 19 19 27 32 44
Electronics Consumption 32 32 46 54 43
Technical Graduates 114 87 165 104 121
Literacy n.a. n.a. n.a. n.a. n.a.
Internet Hosts 27 60 78 238 22
Television Sets 95 90 100 127 101
Source: Computed from ITUSTARSDatabase (1996); Elsevier (1996); and
UNESCO (1995).
The graphs of the footprints are developed by connecting
the available data points for the index values calculated
for each country. Figure 2.9 demonstrates how these
graphs are constructed. At the centre of the diagram, the
value of each of the indices is zero and at the boundary of
the circle the value is 100. The values for literacy are
noted and correspond to the other indices. In the centre
of the diagram is a small circle which is used as a means
of graphing very low values (that is, less than ¢ve out of
100).Whenalinegoes inside this circle,the corresponding
Table 2.12 - Construction of indicators for footprint analysi s
Indicator Variables used to construct indicator Computation used Country taken as 100
e Personal Computer Index
Personal computers
Population
Personal computers per capita NewZealand
f Main Lines Index
Main telephone lines
Population
Main telephone lines per capita Sweden
g Electronics Production Index
Revenue from electronics production
GDP
Share of electronics revenue inGDP Ireland
h Electronics Consumption
Index
Market for electronic products
GDP
Per capita `consumption'of electro-
nics as a share of GDP per capita
Ireland
i Technical Graduates Index
Graduates in Computer Science and
Maths plus all levels of Engineering
Population
Total graduates per1,000 population The Netherlands
j Literacy Share
Percentage of population that is literate Simple percentage None
(100% taken as100)
k Internet Hosts Index
Number of Internet hosts
Population
Internet hosts per1,000 population Denmark
l Television Set Index
Number of television sets
Population
Number of television sets per100
population
United Kingdom
Internet Hosts Index Television Set Index
Literacy Share
Technical
Graduates
Index
Electronics
Consumption
Index
Main
Lines
Index
Personal
Computers
Index
Electronics
Production
Index
e
f
g
i
j
k
l
h
`` Ideal''
knowledge
indicator
Figure 2.9 - Graphing method for footprint analyses
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value of the index is less than ¢ve.Throughout, the `Ideal
KnowledgeIndicator' is includedto signifythatthis analy-
sis is provisional.Bettermeasures of theknowledge conse-
quences of infrastructure, experience, and skills are
needed. In the following diagrams the scales are removed
to enhance readability.
InFigure2.10thefootprint analysis isusedto compare the
Republic of Korea and Thailand. These countries are
often referred to as members of the First and SecondT|er
NIEs. Both countries have a relatively high degree of
specialisation in electronics production and consumption
as indicated by the relatively high (over 50) values of
these indexes.The narrower gap between the consump-
tion indicators re£ects the fact that Thailand continues to
perform a substantial amount of electronics assembly,
and imported components are included in the `market'
Internet Hosts Index
Television Set Index
Literacy Share
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Figure 2.10 - Republic of Korea and Thailand footprints
Source: Based on indices computed from ITU STARS Database (1996), Elsevier
(1996) and UNESCO (1995), by the method described above.
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Figure 2.11 - China and India footprints
Source: Based on indices computed from ITU STARS Database (1996), Elsevier
(1996) and UNESCO (1995), by the method described above.
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Figure 2.12 - Russia and Brazil footprints
Source: Based on indices computed from ITU STARS Database (1996), Elsevier
(1996) and UNESCO (1995), by the method described above.
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Figure 2.13 - Poland and Spain footprints
Note: n.a. = data not available.
Source: Based on indices computed from ITU STARS Database (1996), Elsevier
(1996) and UNESCO (1995), by the method described above
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size ¢gures that are based on revenues.
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An important
feature of the footprint is the far greater infrastructure
development that has occurred in the Republic of Korea
as the result of its longer history of industrialisation and
higher income (Hong 1997). The Republic of Korea is
also advantaged byhaving averyhigh number of technical
graduates relative to its population, a rate over twice that
of theNetherlands,acountrywithrelativelystrong techni-
cal education among developed countries (compare the
developed countries reported in Table 2.13).The relative
strength of theRepublic ofKorea in these areas highlights
the achievements of Thailand in constructing its electro-
nics production capabilities.
The footprint analysis can be applied to the case of large
developing countries. In Figure 2.11, China and India are
mapped. In this comparison, virtually the only strength
that India brings to the ICT-related development of its
knowledge society is its relatively literate population.
China is making major strides despite the fact that its
very large additions to the infrastructure are insu¤cient
to bring its performance on this indicator very much
above that of India. This re£ects the enormous scale of
infrastructure improvement that will be required for
`catch up' in the larger developing countries. Despite the
continuing weakness of its infrastructure across its huge
population, China is making major strides in developing
the electronics sectors of its economy. One re£ection of
this is the strongdi¡usion ofconsumer electronics includ-
ing television.
Figures2.12and2.13 illustrate that the footprint technique
can suggest similarities between countries which are not
often compared with one another. In Figure 2.12, Russia
and Brazil look remarkably similar. This is signi¢cant
because, historically, it has been common to compare
Brazil with Korea. A comparison of Figures 2.10 and 2.12
indicates that Korea has forged ahead in virtually every
indicator employed in the footprint analysis. In Figure
2.12, the most signi¢cant di¡erence between Brazil and
Russia is the extent of technical education. The inability
to translate this high level of technical education into any
other indicator of knowledge societies development is
striking and re£ects the enormity of Russia's transition
challenge.ForBrazil, the relatively lowlevels of infrastruc-
ture development may be contributing to the di¤culties
in developing further specialisation in electronics.
Figure2.13comparesPolandandSpain,another two coun-
tries that are not often directly compared with one
another. Here, there is even greater similarity except in
the extent of infrastructure development. It seems that
Poland and Spain face very similar challenges in develop-
ment of the ICTfoundations for building their knowledge
societies. They also bring very similar assets to the task
in terms of technical graduates.
Developing countries and territories at low levels are
compared in Figure 2.14 (Turkey and South Africa), and
at medium levels in Figure 2.15 (Philippines and Puerto
Rico) of ICT development. In terms of electronics
consumption experience, South Africa is leadingTurkey,
but both countries have relatively weak infrastructure
development and very little specialisation in electronic
production.Turkeyhas the opportunity to employ its rela-
tively high number of technical graduates. However, as in
the case of Russia, technical graduates alone cannot
create a strong electronics capability. These people
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Figure 2.14 -Turkey and South Africa footprints
Note: n.a. = data not available.
Source: Based on indices computed from ITU STARS Database (1996), Elsevier
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cannot contribute their skills directly to the construction
of knowledge-based activities.
Figure 2.15 illustrates the similarity between the
Philippines and Puerto Rico on several important
measures. What distinguishes these two economies,
whose income per capita is very di¡erent, is the extent of
Puerto Rico's infrastructure development. This is a
feature, along with its proximity to the United States,
that has aided its electronics industry development.
Despite this, the Philippines has managed to achieve
comparable levels of electronics specialisation. A more
negativeviewof this situation is that thePhilippines econ-
omy's weakness in other sectors is responsible for its
comparable specialisation in electronics, where much of
the industry continues to be based upon assembly opera-
tions.
Finally, Figure 2.16 demonstrates that there is some value
in considering the Internet Hosts Index as a measure of
the developmentof the production andconsumption rela-
tionship.The two countries that are compared, Australia
andMalaysia, are engaged in vastly di¡erent strategies for
constructing `knowledge societies'. Both countries are
world leaders based upon several of the indices where
they exceed the 100 mark by substantial margins.
Malaysia is clearly following a production-oriented strat-
egy and is among the leaders of the Second T|er newly
industrialising countries. Its rate of production, three
times that of Ireland, indicates a very strong degree of
specialisation of the Malaysian economy in electronics
production. Malaysia has succeeded in achieving this
despite relatively weak performance on the infrastructure
and technical education indicators. In contrast, Australia
is almost as strongly specialised in the consumption of
ICTswhich are being employed to build a strong informa-
tion production capability. This is re£ected in the very
high rate of Internet hosts, the high level of technical
education, and the high level of personal computer usage.
For countries that have achieved a relatively high level of
income, electronics production may be unnecessary to
achieve many of the advantages of the `knowledge socie-
ties'.
The footprint analysis has a number of possible applica-
tions that can lead to thought-provoking and useful
insights into the development of `knowledge societies'.
What is remarkable about these diagrams is the absence
of a strong causal relationship between the development
of di¡erent features of ICT production and use.
Countries with both relatively weak and relatively strong
infrastructures are successful in developing a specialisa-
tion in electronics.The extent of electronics specialisation
has a relatively weak in£uence on the extent of technical
education, literacy, or other measures of skills and knowl-
edge. This suggests that there are a number of possible
combinations of infrastructure, experience, and skills
that can be used to further develop `knowledge societies'.
It would be incorrect to conclude that these `inputs' are
irrelevant, however. Many countries of the world
conform to the pattern observed in Russia, India,Turkey,
and South Africa. Low levels on many of the indicators
coincide with persistent problems in mobilising for
knowledge-based development.
2.8 Conclusion - Linking telecommunications
and people's skills for development
While developments in telecommunication networks, the
available skills for using ICTs, and comparative interna-
tional indicators provide a reasonably comprehensive
view of trends in the development of the ICTrevolution,
the picture is still incomplete. This cannot be remedied
using current statistical sources. The di¤culty is funda-
mentaltotheproblemofmeasuringthe`output'of services
from the use of ICTs for producing, transmitting,
storing, and processing information. For example, even if
thehuge taskofmeasuring the installedbase of computers
in all the countries and regions of the world could be
accomplished, this would tell us very little about how
they are being used. It would not tell us whether they are
sitting idle,performingat a small fractionof their capacity,
or at work night and day. Nor would it tell us how well
they are being used, whether they are being used produc-
tively, or are contributing to confusion and disorder.
Even with the statistics available on telecommunication
services, such as international minutes of telephone
connection, we do not know which of these minutes are
being used to converse with relatives andwhich are being
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used to arrange for the ¢nancing or production of goods
and services.This is a fundamental reason for enhancing
our detailed knowledge about the actual use of ICTs in
developing countries. This will be vitally important in
adding value to currently available statistics and indica-
tors.
The indicators approachdoesprovide a technique to focus
thinking about the relationship between development
and the use of ICTs.These indicators show that conver-
gence, as a result of current rates of telecommunication
investment, will enable most of the world's population to
follow a path thatwill provide access to the national infor-
mation infrastructure. It also shows that many countries
run negative balances of trade in ICTs. The prospect of
doing so shouldnotdiscourage countries from developing
the technological component of their knowledge infra-
structure. The nature and extent of these imbalances
should be viewed as a stimulus to local economic activity
in selling and servicing this equipment and, for some
countries, becoming active producers.The fact of a trade
imbalance should be weighed against the gains that can
be expected. Countries may be willing to take out loans to
upgrade their stock of ICTs if they are con¢dent that
returns will accrue from such investments as are compar-
able with other possible investments. If these returns
from investment in ICTs cannot be achieved, due to
absence of local skills or other complementary factors,
loans might better be sought for investment in other
development-related purposes.
The least developed countries face the most stringent
requirements in justifying investments in their ICT infra-
structures. In these countries, the focus of e¡ort is likely
tobe extremely important.This is because these countries
cannot a¡ord to move the major indicators very much or
veryquickly.For these countries, theproblemis to identify
the activities where the expected bene¢ts can be achieved
with limited resources, relyingonspill-overs andtheposi-
tive in£uences of these ¢rst steps to achieve greater gains
in the future.
The process of accumulation for these countries is
protracted, but unless they begin the process, they will
have little foundation for further development. The
governments of these countries and international organi-
sations need to take seriously the issue of what can be
done cheaply and reliably to begin the process of building
knowledge capabilities and the technological infrastruc-
ture. If good starting points are chosen, greater social
and economic bene¢ts are likely to be obtained with a
larger spillover e¡ect. Some of the social and economic
considerations in identifying these opportunities are
discussed in the following chapters.
Notes
1 CAGR= (V
¢nal
/V
initial
)
(1/n)
] - 1. The valuesV for ¢nal
and initial must be known as well as the number of periods
over which the growth is to be evaluated. In this table the
CAGRis computedover tenyears and the result is expressed
as a percentage, that is, the arithmetic result is multiplied
by 100. The CAGR is a re¢nement of the percentage
growth measure. It recognises that growth is a cumulative
process with each year's growth building on what has been
achieved in previous years. For example, between 1990
and1995 the number of main lines in the low income coun-
tries increased from19 to 64million, so that the1995 value
is more than triple that of 1990. On an annual basis the
rate of increase appears to be over 60 per cent if a 300 per
cent growth is spread over 5 years, proportionately.
However, this would fail to capture the fact that each year
begins from the base of the previous year, so the actual
growth rate is a smaller value, 27 per cent per year, for a
compounding period of one year.
2 Braun andMacdonald (1982) provide an excellent intro-
duction to the history and impact of semiconductor electro-
nics.
3 For example, in the United States the majority of computer
systems analysts and programmers are employed outside
the computer and software industries in `user' companies.
The £ow of services provided by these professionals is
included as part of the `overhead' costs of these
organisations. The value of their output is accounted for in
the `value added' by the business employing them in what-
ever sector their employer is classi¢ed. See Steinmueller
(1996) for further discussion of this issue.
4 The problem of creating an `ideal' knowledge indicator is
that knowledge is embedded in individuals and in networks
of individuals in extremely complex ways. In complex
work processes, the knowledge of one individual may not be
a substitute for that of another and the result of a group
e¡ort may re£ect knowledge (or at least competence) that
cannot be clearly identi¢ed with any single individual.
Even with regard to`simple' knowledge, e¡orts to assess the
extent of public knowledge of common scienti¢c facts, for
example, that the earth rotates about the sun, indicate that
little can be taken for granted about the `commonality' of
knowledge. Knowledge of all types is gained and lost. It
would be di¤cult to design a census for determining the
stock of knowledge in a society, and whether this stock is
rising or falling over time.
5 The charting technique is known by several di¡erent names
including the`spider'graph for its resemblance to the spider's
web.
6 Althoughnotall theareas included in thedatabaseare coun-
tries, for convenience this term will be used to refer to all
209 of the countries and territories covered.
7 1960, 1965, 1970 and1975-1995.
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8 Although the1996 ITUdatabase includes1995, the obser-
vations for this year are not as complete as for earlier years.
Despite this, one of the analyses does include1995.
9 The number ofmain telephone lines in a telecommunication
network is the numberofactivated circuits capableof carry-
ing telephone tra¤c. In practice, some of these lines are
used for system maintenance and internal communication
by the network operator. This measure overestimates the
number of business and residential telephone subscribers
plus pay phones in the network.
10 This indicator was 6.9 for low, 27.4 for lower middle, and
44.1 for upper middle income countries in 1995. Sweden,
the country with the highest number of main lines per 100
population, has more than 115 main lines per 100
households. The excess is accounted for by extra lines to
households, business lines, pay phones, and main telephone
lines used by the network operator. The last three categories
account for an average of 30 per cent of main lines for all
four ITU income groupings. In the low and lower-middle
income countries, however, there are many countries where
less than one half of the main lines is residential.
11 In economic terms, telecommunication services are often
both price and income elastic, particularly in developing
countries. Thismeans that eitheramodestpercentage reduc-
tioninpriceoran increase in income,will result inan expan-
sion in total revenues. The reason for this elasticity is that
public telecommunication administrations in developing
countries often rely on telecommunication revenue as part
of the tax base. They set tari¡s at a level that will increase
revenues from existing capacity rather than reducing prices
and being forced to incur additional expenditures on infra-
structure investment. This pattern is now changingas there
is some relaxation of foreign exchange constraints and a
marked increase in international direct investment in tele-
communication infrastructure.
12 A possible explanation is that revenues are needed for
network upgrading. Although for some years Japan has
been planning a much more sophisticated infrastructure
based upon extensive installation of a ¢bre network, most
of the actual building of this infrastructure has occurred in
heavy tra¤careas thatwould, in other industrialised coun-
tries, also be constructed using ¢bre. As yet, there is little
evidence that Japan is forging ahead in the development of
a telecommunication infrastructure that could be employed
in the widespread delivery of advanced telecommunication
services.
13 Quintero concluded that these four indicators were of di¡er-
ent importance and suggests the relative weighting of 4 for
pro¢t expectations, 3 for market expectations, 2 for invest-
ment requirements per unit of revenue, and 1 for taxes on
telecommunication revenue. He also suggests using
`waiting times' for telecommunication service as a measure
of unmet demand forassessing pro¢t expectations.
14 Saunders,Warford, andWellenius (1983) were among the
¢rst authors to systematically use this measure. As noted,
there are serious problems in inferring that telecommuni-
cation infrastructure causes, rather than accompanies,
economic growth.
15 In the case of Cuba international trade embargoes continue
to a¡ect performance
16 The de¢nition of the electronics industry used byElsevier is
based upon eight sectors, electronic data processing, o¤ce
equipment, control and instrumentation, medical and
industrial, communications and radar, telecommunication
equipment, consumer, and components. Each of these
sectors is de¢ned in greater detail in the source publication.
One important area is o¤ce equipment, where it is clear
from the size of production in developed countries that
what is included is o¤ce equipment in which electronic
systems are very important, for example, copying machines
will be includedwhile papercutters will not.
17 As stated in the table note, the coverage is for 50 countries,
and there is certainly some electronics production in areas
for which n/a (not available) is noted on the table and for
some of the countries not listed by Elsevier in the listed
regions (for example, neither Luxembourg nor Argentina
is included in the Elsevierdata, although both produce elec-
tronics products).
18 The fact that someUS$60billion in exports is leftoverafter
including the vast majority of production and many of the
world's largest importing countries means that the unlisted
countries must be absorbing these exports. There is some
room for error in this imputation. To the extent that the
non-included countries are exporters to those countries that
are included in the table the imbalance will be smaller. The
imputed value is based upon the assumption that all inter-
nationally traded production is included in the table, that
is, that the total world production of electronics was, as
reported in the table, just overUS$ 1trillion in1996.
19 For example, a signi¢cant fraction of American semicon-
ductor imports was fabricated in theUnited States and sent
abroad for packaging, test, and assembly operations. If
there are signi¢cant pro¢ts from the manufacture of these
semiconductors most remain under the control of United
States ¢rms. Until Intel's success in becoming the standard
microprocessor for the majority of the world's personal
computers, semiconductor manufacturers' pro¢ts were
below the average pro¢ts ofUnitedStates manufacturers.
20 The size of NIE exports, particularly those of the Second
T|er countries, is somewhat overstated. One reason is that
`transfer prices' between related companies may be set
either to avoid tari¡s or to realise pro¢ts in countries with
favourable tax laws. Even the more accurate international
trade statistics based upon value added rather than product
shipmentand purchase data do not completely re£ect all the
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complexityin the internationaldivisionof labour in electro-
nics production.
21 Although domestic EDP sales are only provided fora single
year, 1995, if other recent years are chosen, a similar order-
ing of the countries results.
22 UNESCO's report does not cover the rate of illiteracy for
many of the developed countries. It should not be concluded
from this that problems of illiteracy have disappeared in the
developed world but, instead, that the issue of illiteracy in
these countries is only studied sporadically.
23 From a technical viewpoint, the graphing problems arise
from the fact that a number of indicators are skewed to the
right (higher values) with only a few countries having
very high values. The approach chosen was to arbitrarily
select the `cut-o¡ ' point for the country taken as 100 as
either one or two standard deviations in excess of the mean.
The indicators based on a one standard deviation cut-o¡
are electronics production, electronics consumption, Inter-
net hosts, and technical graduates. No country is chosen as
100 for literacy as a number of countries have literacy rates
above 95 per cent and choosing any of them would make
little di¡erence to the index for other countries. The three
other indicators, television sets, main lines, and personal
computers are all based on a two standard deviation cut-o¡
for selecting the country taken as 100 for constructing the
index. The index for any country is computed from the
value calculated from the `Computation used' column in
Table 2.12.
24 The use of revenue ¢gures tends to overstate the size of
markets with lower levels of vertical integration (where a
supplier sells intermediate products) compared to markets
with higher levels of vertical integration (where intermedi-
ateproductsare transferredwithinacompanyandare there-
fore not recorded as revenues). The `double counting'
resulting from including revenues and the sensitivity of the
revenue measure to changes in industry structure are the
primary justi¢cations forusingvalueadded in themeasure-
ment of national income. Unfortunately, while countries
are interested in value added, companies are interested in
revenue, so many of the available measures are revenue-
based.
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2.9 Appendix - Regional classification of countries and political units
America Developed
Canada
United States
Europe Developed
Austria
Belgium
Denmark
Faroe Islands
Finland
France
Germany
Greenland
Greece
Iceland
Ireland
Italy
Luxembourg
Netherlands
Norway
Portugal
Spain
Sweden
Switzerland
UnitedKingdom
Africa Developed
SouthAfrica
AsiaDeveloped
Israel
Japan
Oceania Developed
Australia
NewZealand
South America
Argentina
Bolivia
Brazil
Chile
Colombia
Costa Rica
Ecuador
El Salvador
FrenchGuiana
Guatemala
Guyana
Honduras
Mexico
Nicaragua
Panama
Paraguay
Peru
PuertoRico
Surinam
Uruguay
Venezuela
Caribbean
Antigua&Barbuda
Aruba
Bahamas
Barbados
Belize
Bermuda
Cuba
Dominica
Dominican Rep.
Grenada
Guadeloupe
Haiti
Jamaica
Martinique
Netherlands Antilles
SaintKitts &Nevis
Saint Lucia
St.V|ncent and the
Grenadines
Trinidad andTobago
V|rgin Islands (US)
Mahgreb
Algeria
Morocco
Tunisia
Other North Africa
Egypt
LibyanArab Jamahiriya
Sudan
Sub-Saharan Africa
Angola
Benin
Botswana
Burkina Faso
Burundi
Cameroon
CapeVerde
Central African Rep.
Chad
Comoros
Dem.Rep. of theCongo
IvoryCoast
Djibouti
EquatorialGuinea
Eritrea
Ethiopia
Gabon
Gambia
Ghana
Guinea
Guinea-Bissau
Kenya
Lesotho
Liberia
Madagascar
Malawi
Mali
Mauritania
Mauritius
Mozambique
Namibia
Niger
Nigeria
Reunion
Rwanda
SaoTome&Principe
Senegal
Seychelles
SierraLeone
Somalia
Swaziland
Tanzania
Togo
Uganda
Zambia
Zimbabwe
West Asia
Bahrain
Cyprus
Iran (IslamicRep. of)
Iraq
Jordan
Kuwait
Lebanon
Oman
Qatar
SaudiArabia
Syria
Turkey
United Arab Emirates
Yemen
Central Asia
Armenia
Azerbaijan
Georgia
Kazakhstan
Kyrgyzstan
Tajikistan
Turkmenistan
Uzbekistan
China
China
Asia NIEs First Tier
HongKong
Korea (Rep. of)
Singapore
Taiwan (Pr. China)
Asia NIEs Second Tier
Indonesia
Malaysia
Thailand
Other Asia
Afghanistan
Bangladesh
Bhutan
Brunei Darussalam
Cambodia
Korea (D.P.R)
India
Lao (P.D.R.)
Macau
Maldives
Mongolia
Myanmar
Nepal
Pakistan
Philippines
Sri Lanka
V|etNam
Oceania Developing
Fiji
French Polynesia
Guam
Kiribati
Marshall Islands
Micronesia (Fed. States of)
NewCaledonia
NorthernMarianas Islands
PapuaNewGuinea
Solomon Islands
Tonga
Vanuatu
Western Samoa
Europe Developing
BosniaHerzegovina
Croatia
Malta
Slovenia
Macedonia, (Former
Yugoslav Rep.)
Yugoslavia
Eastern Europe
Albania
Belarus
Bulgaria
CzechRepublic
Estonia
Hungary
Latvia
Lithuania
Rep. ofMoldova
Poland
Romania
Russia
SlovakRepublic
Ukraine
American Samoa
Other
Andorra
Cayman Islands
Gibraltar
Guernsey
Jersey
Liechtenstein
Mayotte
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3. Innovation systems and the learning process
3.1 Introduction - Social and technological
components of learning
AcentralobservationaboutICTs is thatthese technologies
o¡er new opportunities for social and economic trans-
formation. In the industrialised countries, these trans-
formations are evident in the way that new forms of
learning are giving rise to innovative knowledge networks
which facilitate the creation and exchange of information.
This chapter discusses some of the changes a¡ecting the
management of technological innovation within ¢rms
and public sector establishments concerned with the
scienti¢c and technological innovation process. This
chapter is concerned mainly with questions about how
people in ¢rms and public sector organisations are learn-
ing to organise and manage ICTs. It focuses on how ICTs
are a¡ecting the production of knowledge and its distribu-
tion, and on the impact of ICTs embedded in product
and process innovations in the manufacturing sectors.
Illustrations are drawn from the experiences of both
industrialised and developing countries. This chapter
o¡ers insight into the process of organisational learning
and the importance of user-producer linkages in building
social and technological capabilities. These linkages and
the learning process are changing with the application of
ICTs.The organisationofknowledgeproduction is under-
going changes which may have profound consequences
for established institutions as well as for the management
of organisational change. In spite of the increasing use of
ICTs to enable access to formal (codi¢ed) information,
this chapter stresses the continuing importance of infor-
mal (tacit) knowledge in the innovation process.
The ¢rst main section (3.2) looks at the new modes of
scienti¢c and technological knowledge production which
are beginning to emerge in the industrialised countries
andconsiders their implications fordeveloping countries.
Section 3.3 considers the growing importance of linkages
between users and producers and the way these are being
a¡ected by the application of ICTs. Section 3.4 examines
the nature of the learning process for people in organisa-
tions when codi¢ed and tacit forms of knowledge are
combined to generate new knowledge. Section 3.5 moves
on to look at organisational learning processes in the
context of the introduction of advanced manufacturing
technologies and Section 3.6 illustrates some of the forms
of industrial organisation which seem to be related to the
e¡ective use of ICTs. Section 3.7 takes up the important
issue of skills and capabilities that ¢rms need to acquire
for productive use of these technologies giving special
emphasis to skills involved in the management of techno-
logical innovation.The importance of trust is the subject
of section 3.8 because of its role in alliances and partner-
ships among organisations that are providing the basis
for people to learn and develop new capabilities. Section
3.9 provides a country case study (China) of the manage-
ment of organisational change and technological innova-
tion. The ¢nal section of the chapter, section 3.10,
emphasises the types of knowledge that are needed to
assess technology options, select innovative ICT applica-
tions and ensure that capabilities are built up to use them
e¡ectively.
3.2 Changes in the scientific and
technological R&D process
The capacity to acquire and generate knowledge in all its
forms is a critical aspect of the development process
regardless of how that process is de¢ned. The type of
knowledgedi¡ersdependingonwhethera social, political,
economic, technological, or scienti¢c perspective is
adopted. For example, some models of development con-
centrate on raising the average general level of education
of a population, others stress the importance of a strong
science base, while still others focus on technology trans-
fer, that is, on adopting knowledge produced by others.
Scienti¢c and technological knowledge plays a very
important role in the innovation process. It has been
argued in recent years that the way inwhich scienti¢c and
technological knowledge are produced is changing quite
radically (Gibbons et al. 1994). If there is a fundamental
change in the `mode' of knowledge production it is likely
to lead to a reorientation of R&D practices and organisa-
tion. If the changes are pervasive across ¢elds of scienti¢c
and technological activity, they will a¡ect the research
and innovation systems of both industrialised and devel-
oping economies, albeit in di¡erentways.
The emergence of a new mode of knowledge production
has profound implications for developing countries
because of the tensions it creates with respect to the viabi-
lity of existing institutions of science. In adopting the
form of science which predominates in the industrialised
countries, most if not all, developing countries have in
some way embraced their institutional structures as well.
As a consequence, many developing countries may ¢nd
themselves `locked in' to amode of knowledge production
which is increasingly less relevant to their speci¢c techno-
logical and economic requirements.
The idea of a newmode ofknowledge production ismulti-
faceted and, therefore, di¤cult to describe brie£y.
According to Gibbons et al. (1994) the key change is that
scienti¢c and technological knowledge production is
becoming a less self-contained activity. In many leading-
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edge areas of research, several di¡erent skills are required
in order to solve problems. In addition, scienti¢c know-
ledge production is no longer the exclusive preserve of
special institutions such as universities from which
knowledge is expected to spill over, or spin-o¡, to the
bene¢t of other sectors. Knowledge production, its
theories, models, methods, and techniques, has spread
from academia and is now carried out in many di¡erent
types of institutions. It has become a much more socially
distributed process. Knowledge production has always
had this characteristic to an extent, but the key feature of
today's `knowledge societies' is the rapid broadening of
the production process on a spatial and institutional
basis.The number of sites actively engaged in generating
knowledge resources is multiplying rapidly. The new
mode of socially distributed knowledge production has
¢ve principal characteristics.
] There are an increasing number ofplaceswhere recogni-
sably competent research is being carried out.This can
be demonstrated by consulting the addresses of the
authors of scienti¢c publications. Change is taking
place so quickly that the full extent of the social distribu-
tion of knowledge production is probably no longer
fully captured by the printedword.
] These sites communicatewith one another and, through
this process, broaden the base of e¡ective interaction.
The stock of knowledge is derived from an increasing
number of £ows from various types of institutions that
contribute to, and draw from, the stock of knowledge.
] The dynamics of sociallydistributed knowledge produc-
tion lie in the £ows of knowledge and in the shifting
patterns of connectivity amongst these £ows. Although
the connections may sometimes appear to be random,
in the new mode of knowledge production they move
with the problem context rather than according either
to disciplinary structures or the dictates of national
science policy.
] The number of interconnections among knowledge
producers is accelerating, apparently unchannelled by
existing institutional structures, partly because these
connections are intended to be functional and to survive
only as long as they are useful. The ebb and £ow of
connections follow the paths of problem interest.
] The socially distributed knowledge production system is
growingbut itdoesnot appear tobe followingthe institu-
tional patterns that have characterised science in the
past. New sites of knowledge production are continually
emerging and, in their turn, providing intellectual
points ofdeparture for furthercombinations of research-
ers. The emerging socially distributed knowledge
production system appears to be characterised by a
potentially exponential increase in the density of com-
munication.
Research practices are changing fundamentally but the
changes arenotuniformacross thewhole range of research
activities. However, when the changes described above
occur together, the new practices have su¤cient coher-
ence to de¢ne a new mode of knowledge production
called Mode 2 (Gibbons et al. 1994). Research practices
in Mode 2 knowledge production di¡er from those that
operate in the disciplinary structure of science which can
be labelled asMode1. InMode2,problems are formulated
and research is carried out in the problem solving context
involving a complex interplay amongst specialists, users
and funders. Research continues to be carried out in
universities and in government and industry laboratories,
but it is also, and increasingly, underway in research insti-
tutes, think tanks, consultancies, and in small ¢rms
supported by venture capital, for example, biotechnology
and software ¢rms.
Expertise in Mode 2 is con¢gured around a particular
problem, but the expertise itself may be drawn from a
much wider range of backgrounds and institutions than
inMode1.Mode 2 con¢gurations tend to be organised in
£at hierarchies and to have a relatively transient existence.
The most interesting and intellectually challenging
problems tend not to emerge from within disciplines,
and research ¢ndings are less likely to be reported
through the channels of communication that operate in
Mode 1. The new ways in which research agenda are
constructed and results communicated have major impli-
cations foralluniversitiesbecausegenerallytheysee them-
selves as the guardians of Mode 1. They de¢ne `good
science' in the terms that characteriseMode1.The emer-
gence ofMode 2 sets up di¡erent criteria of problem de¢-
nition and of excellence in performance.
The new mode of knowledge production implies special
problems for research in the developing world because
the institutionswhichsupport science tendtobemodelled
on those of a former colonial power where it was assumed
that there is a separation of the production of knowledge
from its application and that `open science' generates
knowledge which can be passed through open exchange.
For example, in Mode 1, speci¢c types of institutions,
universities and government laboratories are seen as
producers of knowledge, while ¢rms and other public
institutions, such as the health services, are regarded as
users ofknowledge.InMode1it is oftenassumedthat di¤-
culties in connecting the producers with the users of
knowledge should be overcome by setting up technology
transfer institutions of various kinds.
But inMode 2,much leading-edge research is carried out
in the context of application. In this process knowledge
producers and users interact intensively in a process of
negotiation. Until this process of negotiation occurs, no
research is initiated. Access to this negotiation process is
mainly the result of a recognition of speci¢c expertise.
For most industrialised countries, the problem is to
access this process using whatever modes of communica-
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tion are feasible including ICT-supported knowledge
networks. In addition, in Mode 2, there may be a greater
tendency for knowledge generation topass from organisa-
tions committed to disclosure, to those committed to
appropriating knowledge for pro¢t, suggesting a factor
which may exacerbate the exclusion of researchers in
developing countries.
Researchersoperating inthe sciencesystemsofdeveloping
countries may be at a disadvantage in accessing various
problem solving contexts. On the positive side, research
in the context of application (Mode 2) may release devel-
oping countries from the need to create huge establish-
ments of human capital devoted to pursuing a research
agenda that has been set by others and structured along
disciplinary lines.Mode 2 knowledge production requires
a smaller, more specialist, scienti¢c establishment which
is skilled at making contributions to collective problem-
solving e¡orts. On the negative side, problem contexts
are more complex and developing countries may not be
perceived as having su¤cient expertise.
There is a tension here for developing countries because
participation in Mode 2 requires both more and less
specialisation. It requires more in that scienti¢c and tech-
nological expertise within a country must be able to
accommodate a wide range of contexts. It requires less
specialisation in the sense that researchers need a wide
range of generic skills.This is a di¤cult balance to main-
tainand it requires the identi¢cationof teams andpartner-
ships to enhance the prospect of generating useful
research results.
There is little evidence that Mode 2 is emerging in the
developing world. Mode 1 remains dominant, in part
because many national economic development plans that
depend on foreign aid require countries to establish the
types of Mode 1 scienti¢c institutions that exist in the
industrialised world. Many donor organisations insist
that developing countries continue to build up establish-
ments tomatch the `best in theWest'.This is an expensive
option and it is not clear that this strategy is in tune with
the changes in knowledge production which characterise
Mode1.
One locus for change consistent with Mode 2 knowledge
production may be the universities. Meeting demand for
higher education in the developing countries in the stan-
dard way through discipline-based universities is very
expensive and governments are looking for less expensive
alternatives. In a situation in which demand for higher
education is fragmenting, no university is likely to be able
to meet this demand entirely from within its own
resources. Universities in developing countries are likely
to need to seek partnerships of the Mode 2 kind to
support teaching as well as research.
1
Ifthe scienti¢candtechnologicalbase indeveloping coun-
tries is to engage in e¡ective knowledge production in the
context of application, people will be needed with the
expertise to work in the way that characterises Mode 2.
This process may be helped by e¤cient use of ICTs to
enable researchers in these countries to develop a greater
awareness of the range of expertise that exists world-wide
and the partners with whom they might e¡ectively
combine to generate new knowledge. `Knowledge net-
works'are increasingly spanning national boundaries and
linking researchers in the industrialised and developing
countries. Those who can engage in the new mode of
knowledge production and who have access to global
networks at relatively low cost are likely to be advantaged
over those for whom such access is unreliable or costly.
All these changes in the knowledge production process,
and especially the trend toward knowledge production in
the context of application, mean that the scienti¢c and
technical communities in developing countries need
access to appropriate network infrastructures. They also
need incentives to engage in international collaboration
so that they can access the vitally important negotiation
processes that lead to research.
The impact of ICTs is a¡ecting the foundations of the
`culture'of scienti¢c and technical knowledge production
(Hawkins 1996). The use of ICTs to support scienti¢c
andtechnological research is in£uencingtheway scienti¢c
and technical work is organised, the way it is operationa-
lised, and the way it is evaluated.The potential exists for
ICTs to be used to encourage diversity in the scienti¢c
and technical community by permitting more people to
work in their own localities, and to develop research
agenda that draw on local perspectives, experiences and
conditions.For this to occur, however, institutional struc-
tures must evolve in a favourable way. Observers have
pointed to the potential for con£ict between the scienti¢c
community's interest in open networks and industrialists'
interests in the protection of technological knowledge
through the intellectual property rights regime. Others
have noted that ICTs themselves do not create jobs,
educate people or generate new knowledge. They can
only contribute to the broader processes of learning,
changes inwork organisation, scienti¢c and technological
education, and the quality of life.
For the scienti¢c andtechnological communities in devel-
oping countries, ICT-based research networks raise
issues including: the balance that should exist between
the requirements of the scienti¢c and technological
research community for open access to the most current
scienti¢c information and the rights to intellectual prop-
erty held by various stakeholders; how to ensure that the
knowledge generating communities in all countries have
access to knowledge resources on reasonably equitable
terms;how to allocate the costs ofaccess tonational, regio-
nal and global networks among various parts of the scien-
ti¢c and technological community; and how to ensure
that scienti¢c and technological research policies are
linked with those for telecommunications, education,
and industrialisation.
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There is little dispute that scienti¢c and technological
research training is essential for the development
process. Today, `highly e¤cient technologies, even low
cost technologies and technologies adapted for local use,
tend to contain a large amount of research based know-
ledge' (Thulstrup 1994: 2). This is particularly so in the
case of advanced ICT-based systems. The initiation of
new learning processes in the public and private sectors
is a prerequisite for e¡ectively using these technologies.
3.3 Building learning capabilities
The full economic bene¢ts of information technology depend on
a ... process of social experimentation and learning which is
still at an early stage (Freeman andSoete1994: 42).
The di¡usion of ICTs is being accompanied by major
changes in thesystemsofrelationshipsbetweentheprodu-
cers and users of goods and services. These changes go
beyond the changes in the mode of scienti¢c and techno-
logical knowledge production discussed in the previous
section. They reach into every branch of industrial
production. Advanced digital ICT-based systems appear
to be strongly associated with a `paradigmatic' shift from
older tonewermodes ofproduction ofgoods and services.
Table 3.1 shows a comparison of the main characteristics
of the older `Fordist' or mass production mode with the
emerging new ICT-based production mode. The wide-
spread di¡usion of advanced digital technologies and the
availability of cheaper and growing computing capacity
are speeding up a major shift in the `techno-economic
paradigm' (Perez1983; Perez and Soete1988).
The social and economic impacts of this shift to the new
`ICT paradigm' are very uncertain for all countries
(Freeman and Perez 1988).The changes in the organisa-
tion of production in local and global markets that are
accompanying this shift are occurring at di¡erent speeds
andwith di¡erent consequences in the industrialised and
developing world. Since ICTs are only beginning to be
usedin the leastdevelopedcountries,the social conditions
and modes of organisation necessary to produce bene¢ts
cannot be inferred directly from empirical studies in
these countries.The best option is for these countries to
look at the experiences of countries that are further along
the learning curve in the context of their own particular
circumstances. Insights can be derived from the experi-
ences ofsuppliers andusers in theirorganisational settings
in other developing countries.
ICTdi¡usion and implementation require complex inter-
actions between technological, economic, social, and poli-
tical forces and selection from combinations of
innovations. Knowledge and learning capabilities are
strategic resources in this context (Cassiolato 1996).The
traditional literature on the di¡usion of technological
innovations tends to overlook the tendency for suppliers
to bene¢t from the learning experiences of users (Clark
and Staunton1989). Recent research has shown that new
technology di¡usion and development processes are
closely intertwined (David and Olsen 1984; David 1985;
David and Bunn1988).Technology di¡usion rates can be
explained by signals that motivate ¢rms to overcome
information asymmetries and to acquire the knowledge
essential for the adoption of an innovation. In many
cases, advanced users help to pull through innovations
and generate further innovations that improve the new
technology (vonHippel1988).Thus, di¡usion and devel-
opment often occur simultaneously within competitive
market economies (Metcalfe1986).
Table 3.1 - Changes in techno-economic paradigm
`Fordist'
Old
`ICT'
New
Energy-intensive Information-intensive
Standardised Customised
Rather stable product mix Rapid changes in product mix
Dedicated plant and equipment Flexible production systems
Automation Systemation
Single firm Networks
Hierarchical management
structures
Flat horizontal management
structures
Departmental Integrated
Product with service Service with products
Centralisation Distributed intelligence
Specialised skills Multi-skilling
Minimal training requirements Continuous training and
re-training
Adversarial industrial relations;
collective agreements codify
provisional armistices
Moves towards long-term
consultative and participative
industrial relations
Government control and
planning and sometimes
ownership
Government information,
regulation, coordination, and
`Vision'
`Full employment' `Active Society'
Emphasis on full-time
employment for adult (16 -65)
male workers
More flexible hours and
involvement of part-time workers
and post-retirement people
Source: Based on Perez, C. and Boyer R. in Freeman, et al. (1991).
Social, economic, and political selection processes linked
to the di¡usion process shape the use of innovative tech-
nologies. The interactions between suppliers and users,
and a relatively sophisticated pool of technical skills in
the surrounding environment, are important elements in
the technology development process. The interactions
between suppliers and users have two major implications.
First, collective learning arising through inter-¢rm links
in the early stages is more likely when open (rather than
proprietary) systems are emerging. Second, the competi-
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tiveness of suppliers is linked closely to the competitive-
ness of the technology-using ¢rms (Perez1988).
The technology user as a creative contributor to the inno-
vation process is very important in the case of ICTs.
Users of ICTs in developing countries need to be able to
imaginatively develop and modify the technologies they
use. Ifuser-producer interaction is essential to the innova-
tion process, then there is a need for a growing presence
of creative producers (not just users) in developing coun-
tries. Although,many developing countries, and particu-
larly the least developed, are unlikely to play the role of
producers of ICTs, the network character of ICTs means
that to be an e¡ective user, these countries do need to
acquire skills and capabilities that go beyond those
received through the import of sophisticated machinery
and hardware (Freeman1994). In order to become an e¤-
cient user of ICTs, ¢rms (or countries) also have to
acquire the relevant knowledge through an interactive
process of learning-by-innovating. Raphael Kaplinsky
has observed that, in the case of the use of automation
technologies, the adoption of ICTs by ¢rms in developing
countries may be hampered by the absence of any local
capacity to produce them.
... unless all, or most of the ``electronic jigsaw'' is in place, the
systemic advantages of automation are di¤cult to capture. In
the IACs [industrialised advanced countries], the di¡usion of
these jigsawpieces is occurring foranumberofreasons, including
product-enhancing characteristic (as in the development of
CNCmachine tools), factor price considerations (word proces-
sors save on expensive secretarial time) and material savings
(energy control devices). In LDCs [less developed countries],
the factor price considerations are of muted importance ...
[and]hence ... in someparts of theThirdWorld only those tech-
nologies associated with product characteristics are di¡using.
This obviously poses obstacles for longer-run systemic competi-
tiveness (Kaplinsky1988: 8).
In addition, because proximity to local markets continues
to be crucial for the successful development and di¡usion
of many ICT products during the initial take-o¡ period,
the requirements of developing country markets are
likely to be addressed only after the new technologies
have matured (Cassiolato1992).
In spite of the disadvantages facing many developing
countries, a shift in the emphasis of national ICT strate-
gies away from di¡usion and toward the build-up of user
capabilities is likely to permit `user' innovation to occur.
This kindof shift in technologypolicyhas been character-
istic of policies in the industrialised countries since the
late 1980s: `IT di¡usion actions were in place (in the early
1980s), but they commanded modest resources and
limited attention. In the latter part of the1980s, however,
the policy focus shifted increasingly to the di¡usion (use)
side' (Hanna et al.1995: 48).
Asaresultofuser innovation,ICT-using¢rms and institu-
tions in the developing countries may be adopting ICTs
in ways that are more e¤cient than some of their more
developed counterparts (Cassiolato 1992), or at least at
the same e¤ciency level (Coutinho 1995; James 1994;
OECD 1993a). For example, strong user-producer rela-
tions led to very e¤cient production of banking automa-
tion goods and systems in Brazil. Achieving technological
capabilities through a process of innovation/di¡usion
fostered by user needs also proved to be cost-e¡ective
(Cassiolato 1992). Even critics of Brazilian ICT policies
acknowledge that the banking automation systems devel-
oped in Brazil are less expensive than their equivalents
available internationally (Frischtak1990). Case studies in
Brazil show that banks successfully incorporated specia-
lisedpersonnel in their business, that is, electronics engi-
neers who gradually acquired the skills to design and
implement automation strategies. Institutional learning
occurred as banks perceived the importance of ICTs and
the engineers acquired the tacit knowledge of banking
activities.Theywere able to transformthis tacit knowledge
into knowledge embedded in ICT systems. In contrast,
retail ¢rms inBrazil regardedspecialisedhumanresources
as a cost. Automation decisions were taken by people
with tacit knowledge about the retail businessbutno capa-
city to maintain a dialogue with technical people, and, as
a result, interactionwas impossible.
The successful di¡usion of ICTs involves a process of
collective and multidisciplinary, and dynamic learning.
This encompasses the capabilities to use and to produce
the technologies since relationships between users and
producers are de¢ned at the local level. Therefore, the
domestic capacity to exploit ICTs lies in the particular
mix of capabilities that it is able to generate for producing
or using the technology.This de¢nes a country's potential
for exploiting learning-by-doing and learning-by-using
processes.The learning processes are dependent on local
action related to planning and organisational capabilities,
`managerial skills and entrepreneurship', human capital
development, and strategies for generating large invest-
ments in telecommunications (ModyandDahlman1992).
Most developing countries cannot expect to cover all the
components of the ICT sector. However, this is not
crucial since the components, such as PCs, are becoming
standardised.The critical issue for a national ICT strategy
is to assess the importance of certain kinds of user-
producer linkages in key segments of the industry and to
encourage selected new capabilities in these areas.
3.4 The `learning economy', ICTs, and tacit
knowledge
The capacity of a national (or regional) system of innova-
tionforbuildingthecapabilities requiredtotake advantage
of ICTs is a re£ection of the nature of the `learning
economy' that exists in developing countries. Learning
capacity is related not only to the sophisticated use of
ICTs to access global stocks of knowledge, but to the char-
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acteristics of the communication process among people
involved in the innovation process. For example:
... studies ... uniformly demonstrate that theway inwhich tech-
nical information gets communicated to those charged with
solving technical problems is neither through formal computer-
based scienti¢c information or data retrieval systems, nor
through news releases or technical brie¢ngs. Rather it is
through people-to-people communication (Roberts1980:7).
ICTs should not be regarded as a potential substitute for
human skills or tacit knowledge. Nevertheless, the use of
ICTs can o¡er an important complementary component
of the national information infrastructure leading to
capability building and enhanced learning throughout
the economy. Bengt-Ðke Lundvall and others have
suggested that the current phase of economic develop-
ment is one in which knowledge and learning are more
important than in any other historical period (Lundvall
1996a).This is because, regardless of the current capabil-
ities of industrialised and developing countries, in the
`learning economy', individuals,¢rms, andeven countries
will be able to create wealth and obtain access to wealth in
proportion to their capacity to learn.
2
This perspective
holds that `there is no alternative way to become perma-
nently better o¡ besides the one of putting learning and
knowledge-creation at the centre of the strategy'
(Lundvall1996a: 2).
Thismeans thatbroadde¢nitions ofknowledge and learn-
ing are needed.Wealth-creatingknowledge includes prac-
tical skills established through learning-by-doing as well
as capabilities acquired through formal education and
training. It includes management skills that are learned
through practice and insights generated by R&D e¡orts
(see Box 3.1). In the `learning economy', tacit knowledge
is as important, or even more important, than formal,
codi¢ed, structured and explicit knowledge.
3
Learning
processes occur within all economic activities including
R&D,marketing, production, and development.
Between the extremes of generic (codi¢ed) knowledge
formulated inways that canbe accessed by anyone assum-
ing a certain level of literacy and tacit competence that
can be sharedwith others only through social interaction,
there are mixed forms of knowledge.
How do these mixed forms of knowledge change with the
ICTrevolution? It is conceivable that the limitations on
the transferability of tacit knowledge might be overcome
byembodying it inproducts, process equipment and soft-
ware systems such as business information systems and
expert systems. However, the automation of human skills
has proved to be successful only for relatively simple repe-
titive tasks that take place in a reasonably stable environ-
ment.There is also some evidence that ¢rms which have
over-emphasised the use of automated business inform-
ation systems in their decision-making processes have
been less than successful (Eliasson1990).
4
Box 3.1 -What is tacit knowledge?
Should¢rmAtake over ¢rmBorshould it leave things as they
are? To make such a decision involves the processing of an
enormous amount of information and attempts to analyse a
multitude of relationships between ill-de¢ned variables.
Guesstimates and hunches about future developments are
crucial to the outcome. Evaluating the human resources in
the other¢rmis acomplexsocial act.There is no simple arith-
metic to refer to (depending on future developments 1+1
may sum up to -2, +2 or even +10). It is obvious that the
competence needed in this case is not easily transferred
either through formal education or through information
systems. It should also be observed that the decision is
unique rather than one in a series ofvery similarly structured
problems. Attempts to design formal decision models to
cope with this kind of problem will not be meaningful and
the knowledge remains tacit and local. The competence of
business leaders canbe learned but the learningwill typically
take place in a kind of apprenticeship relationship where the
apprentice or the young business administrator learns by
operating in close cooperation with more experienced col-
leagues (Lundvall1996a).
The introduction of partially automated systems does not
necessarily lead to the disappearance of tacit knowledge
(Nonaka and Takeuchi 1995). The main impact of these
applications is a speeding-up of speci¢c phases of the
innovationprocess rather thananyreduction in the impor-
tance oftacitknowledge.This speedupmay,paradoxically,
increase the demand for tacit skills because there is a
greater need to analyse and to react to a complex and
rapidly changing £ow of information.
ICTs canbeusedto reinforcehuman interactionand inter-
active learning. For example e-mail systems connecting
people with common local knowledge can have this
e¡ect, and broad access to data and information for
employees can further the development of common
perspectives and objectives for the ¢rm. Information can
be reduced to `bits' and put into a computer but tacit
knowledge cannot be transformed into information, at
least not without changing the content of the knowledge.
The introduction of tacit knowledge, including shared
tacit knowledge rooted inside ¢rms or in local
knowledge-intensive networks of ¢rms, has an impact on
global competition and ¢rms are increasingly exploiting
their speci¢c knowledge assets all over the world
(Lundvall1996a).
Anoptimistic scenario fordevelopingcountries in the face
of the di¡usion of ICTs envisages a massive transfer of
tacit knowledge into information systems giving these
countries access tonewprocess technologies andproducts
developed in the industrialised countries both rapidly
andat lowcost.In theory, thiswould leadtoan acceleration
of the catching-up process and a reduction in global
inequalities. However there are two less optimistic
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scenarios (Lundvall 1996a).The ¢rst is that access to the
new knowledge is limited by the absence of capabilities to
master the language and codes associated with ICTs. In
this case access would be gained only by countries and
¢rms with an appropriately trained labour force. The
second scenario is more complex. In this case, tacit know-
ledge would play a major role but the application of ICTs
would speedup the rate ofeconomic change and stimulate
the need for rapid learning, that is, the development of a
`learning economy' would be essential for developing
countries. In this case the strategies for organisational
learning, managing inter-¢rm relationships, and entry
into the international or Global Information Society
would be crucial.
There are likely to be di¡erent approaches depending on
the institutional conditions in each developing country.
A strategy which attempts to emulate the success of the
newly industrialising countries in South East Asia often
appears tobeattractive as abasis forestablishinga`learning
economy' because of their economic success in recent
years. However, as noted in Chapter 1, it is not clear that
this experience is replicable today.Organisational learning
is possible if there is a substantial movement of people
between the developing countries and the countries with
some experience in practising strategies appropriate to
the learning economy. Even when this is achieved,
however, the importance of the local knowledge base and
its integration with development strategies involving the
application of ICTs should not be underestimated.
Successful strategies in developing countries are likely to
be thosewhich give the greatest attention to the combina-
tions of learning strategies that are promoted and to the
way ICT applications are used to complement, rather
than to replace, informal learning and technological and
social capability building.
Information does not just ``£ow''. Information must be coded,
decoded, transmitted, comprehended. In an international
economic, S&T, and socio-environmental setting this trans-
mission and communicative requirement is very complex and
not well understood (Whiston1997: 8).
Learning occurs on an economy-wide basis and within,
and across, organisational boundaries. The following
section draws lessons about the learning process from the
application of ICTs in advanced manufacturing techno-
logies. Section 3.6 looks at some of the characteristics of
the industrial organisation of the use of ICTs.
3.5 Organisational learning and advanced
manufacturing technologies
Successful adoption and implementation of AMT requires
considerable learning on the part of organisations.Whilst some
of this can be facilitated by the provision of traditional training
inputs, such as those o¡ered by equipment suppliers, the general
message is that a much broader spread of support is required
(Bessant1996: 40).
Advanced manufacturing technologies (AMT) refer to a
`bundle of technological opportunities which are opened
up by the application of information technology but ...
include in this bundle the organisational ``good practices''
which have emerged in parallel with IT developments'
(Bessant1996:1).Organisational learningona continuous
basis is needed to bene¢t from these technologies as well
as investment in hardware, software, and human resource
development (Leonard-Barton 1995; Pisano 1996). The
increasing globalisation of manufacturing and services is
accompanied by changes in competitive priorities away
from non-price factors and there are strong pressures to
o¡er a wide range of products at low cost and of high
quality.Globalmarkets are also characterisedby increased
numbers of suppliers and declining trade barriers in
many sectors (Bessant 1996). AMTs are expected to
contribute to strengthening ¢rms' competitiveness and
the expected contributions are shown inTable 3.2.
Table 3.2 -The potential contribution of advanced manufacturing technologies to improved competitiveness
Problems in manufacturing Potential contributions of AMT
Introducing new products on schedule CAD/CAM shortens design lead time - tighter control and flexible manufacturing
smooths flow through plant and cuts door to door time
Producing to high quality standards Improvements in overall quality via automated inspection and testing, better production
information and more accurate control of processes
Inability to deliver on time Smoother and more predictable flow through design and manufacturing stages makes for
more accurate delivery performance
Long production lead times Flexible manufacturing techniques reduce set-up times and other interruptions so that
products flow smoothly and faster through plant
High and rising material costs Integrated production management systems (MRP2) reduces inventories of raw materials,
work-in-progress and finished goods
Poor sales forecasts More responsive computer-based systems can react quicker to information fluctuations.
Better database permits more accurate forecasting
Source: Bessant (1996).
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AMTs o¡er opportunities to replace manual monitoring
and control functions by automated processes. They
enable integrationbylinking functions into systems, o¡er-
ing the potential for producing a greater variety of pro-
ducts, and a basis for the introduction of organisational
innovations leading to greater £exibility, quality, and
customer focus.Theyalso canbe usedto support network-
ing among locally and globally cooperating ¢rms.
Early experiences with AMTs such as computer-aided-
design/computer-aided-manufacturing (CAD/CAM),
£exible manufacturing systems (FMS) and other applica-
tions, such as robotics and integrated computer-aided
production management, have demonstrated that they
must be located within a coherent business strategy and
accompanied by relevant parallel organisational changes
if they are to be implemented successfully.
The roles of people and organisational processes are criti-
cal to the successful introduction of manufacturing inno-
vations. Organisational learning is the process through
which organisations acquire tacit knowledge and experi-
ence. This occurs through individuals and their beliefs
and actions which shape the organisation's view of the
world and give rise to particular forms of action.
Organisational learning involves a continuous cycle of
searching leading to new experiences, the di¡usion of
these experiences, and the emergence of shared under-
standings.
The learning process also involves experimentation,
experience, re£ection, and conceptualisation. When the
cycle of learning is incomplete, the bene¢ts of AMTs are
very di¤cult to capture.Many ¢rms in the industrialised
countries have been successful in completing this cycle
and ¢rms are now giving priority to the need to build a
`learning capacity' within the organisation (Cohen and
Levinthal 1990). The necessary knowledge is unlikely to
be available in formal (codi¢ed) form and so it cannot be
acquired by formal education and training, for example,
using ICTsupported education tools.
The cycle of `continuous improvement' provides a means
of strengthening learning capacity through a repeated
cycle of action, experience, and review; evaluations build-
ing on measurable performance parameters; the capture
of information resulting from experiments; the presence
of an experimental climate that does not punish failure;
the display and communication of the results of success;
encouragement of continuous challenges to the status
quo; and the high valuation of alternative perspectives on
problems (Bessant andCa¡yn1997).
Organisational learning can take the form of a simple
adaptation ofexisting skills and organisational behaviours
or radical changes when integrated production inform-
ation systems are introduced (see Table 3.3). Integrated
systems can reduce lead times, stimulate quality improve-
ments, allow greater £exibility, and generate cost-savings
in terms of inventory stock.
If these types of organisational learning are introduced in
isolation theymayresult inan initialperiodof enthusiasm,
but this is likely to be followed by abandonment.
Alternatively, if the changes are introduced as part of a
cycle of learning they are more likely to produce major
cultural shifts across the whole organisation.
At the ¢rm level, successful organisational learning to
bene¢t fromAMTs requires (Bessant1996): learning and
adaptation on a continuous basis; training and develop-
ment to be treated as an investment rather than as a cost;
time and resources beingdevoted todevelopingan organi-
sational context which permits innovation; establishing
andreinforcingalearningcycle linkingcodi¢edknowledge
with tacit knowledge; formal training by equipment
Table 3.3 -Types of organisational learning
Technique Description
Total QualityManagement (TQM) Collection of techniques aimed at high involvement in monitoring and assuring quality,
with emphasis on zero defects, customer focus, and continuous improvements.
Lean manufacturing Collection of techniques focused on low/no waste manufacturing. Emphasises team
working, continuous improvement, waste reduction.
Continuous improvement Techniques designed to enable high involvement in incremental innovation.
Cellular/focused manufacturing Grouping of operations focused on particular customer/product segment. Emphasises
teamworking and continuous improvement.
Just-in-time Originally based onToyota Production System, the term refers to low waste techniques
aimed at delivering the right quantity and quality just in time for it to be used in the next
stage in the manufacturing process.
Concurrent engineering Early involvement approaches designed to reduce problems due to inter-functional barriers.
Supplier partnerships Close, cooperative relationships with suppliers can yield benefits in terms of faster, more
reliable deliveries, lower inventories and improved quality. Emphasises joint problem-solving,
lean principles.
Source: Modified from Bessant (1996).
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suppliers complemented by common understandings of
why changes are being introduced; training using class-
room and `on the job' opportunities; training `just in
time' to ensure connections are made between theory
and practice; and an emphasis on core skills and enabling
abilities (workingcross-functionally, teamworking,moni-
toring, measuring and engaging in continuous improve-
ment).These factors in successful organisational learning
are found in case studies of di¡erent types of ¢rms across
industrial sectors.Theypoint to the importance of lifelong
learning, a feature that is central to the capacity to cope
with challenges presented by ICTs.
Training at the ¢rm level needs to be complemented by
continuing education opportunities to upgrade and
broaden skills and enabling abilities; the provision of
opportunities for experiential learning through second-
ment programmes; awareness programmes raising
support for companies; incentives for learning rooted in
local cultures and ¢rms; the use of bench-marking pro-
grammes to facilitate the transfer of knowledge between
¢rms and sectors; and the encouragement of new `know-
ledge'or `learning networks'.The next section looks at the
introduction of ICTs in manufacturing sectors in the
context of industrial reorganisation over the past two
decades.
3.6 Industrial organisation for the productive
use of ICTs
The `ICT paradigm' (see section 3.3) represents a major
shift in industrial organisation. In the earlier period of
mass production, enterprises survived and £ourished by
focusing on cost reduction as the key objective.This was
achieved through the standardisation of ¢nal output, the
use of special-purpose machinery, the development of
work organisation, and tiered managerial structures built
on a ¢ne division of labour, and arms-length relationships
with suppliers.The new forms of competition entail £ex-
ible customisation characterised by volatile and demand-
ing ¢nal markets. Firms require the capability to compete
not just on price, but also on a range of other features
such as £exibility, quality, product variety, and time-to-
market.
ICTs are playingan important role inmeetingthemultiple
requirements of contemporary markets. Generally, they
are implemented in ways that are £exible, highly fault-
tolerant, and provide the capacity for meeting diverse
and complex market requirements. The preceding
section has emphasised the need for internal organisa-
tional learning to make the best use of the potential of
these technologies. New principles of production £ow
have to be introduced that support operational £exibility,
such as cellular plant layouts, the use of production-
pulling techniques, and kanban control systems.
5
Quality
at source has to be substituted for traditional end-of-line
quality inspection and re-work. In addition, `world class
manufacturing' involves the endogenisation of incremen-
tal technical changes through processes of `continuous
improvement'.
6
Further changes are needed in the ¢rm's relationship
within its `productive chain' (with both suppliers and
customers). The ¢rm's inter-¢rm relationships become
characterised by greater trust-intensity which substitutes
for arms-length relationships. This involves long-term
relationships with fewer suppliers, `open-book' costing
negotiations, and participation of many supply-chain
¢rms in the technological innovation process, for
example, simultaneous engineering. Extensive inter-
national experience has shown that these organisational
techniques are a necessary precursor to the productive
utilisation of ICTs not only in the automobile industry
(Womack et al. 1990), but in a range of other sectors
(Bessant 1991; Schonberger 1986). For example, it was
only after these organisational techniques were adopted
that Japanese automobile ¢rms invested heavily in ICTs
(Ho¡man andKaplinsky1988).
These experiences are drawn from the industrialised
countries. Are there obstacles which disadvantage devel-
oping countries in the adoption of these human
resource-intensive organisational techniques?
In most developing countries production has occurred in
relatively closed import-substituting markets, often in
the context of signi¢cant supply-constraints.The perva-
sive shift towards more open trading conditions has left
many enterprises ill-equipped to meet the needs of
increasingly more demanding domestic customers, and
especially external markets. A second factor that poten-
tially disables the adoption of these organisational tech-
niques in developing countries is the weakness of the
supplier base, particularly for small and medium-sized
enterprises. Supply-chain development is often a more
daunting task. New forms of organisation (and indeed
the productive use of ICTs) also require adequate physical
infrastructures including the traditional roads and ports
and the new `information highways'. Finally, low levels of
education in many developing countries may undermine
the capacity to introduce the new forms of organisation
(Jaikumar1986).
The shift required in organisational structures and
processes generally is larger in developing countries than
in the industrially advanced countries.This suggests that
developing countries are signi¢cantly disadvantaged in
their ability to introduce the organisational techniques
that are necessary in today's global markets and are essen-
tial precursors to the successful adoption of ICTs.There
is insu¤cient evidence to make an overall assessment,
but there is evidence that enterprises in a growing
number of diverse developing countries are making
successful use of new forms of organisation.
New forms of layout and production control, for example,
have allowed a Zimbabwean enterprise to reduce its costs
54
signi¢cantly (see Box 3.2). In India, changes in organisa-
tion on both the shop £oor and especially in white collar
work have allowed an electrical ¢rm to slash its lead times
(see Box 3.3). The same Indian enterprise has demon-
strated its capacity to upgrade its supply chain in order to
improve the overall e¤ciency of its productive cycle.
Similar stories can be told for Brazil (Fleury and
Humphrey 1992), the Dominican Republic and Mexico
(Kaplinsky 1994), and for a range of other low-income
countries.
These experiences of using new forms of organisation
result in the emergence ofwhat economists call a `superior
technique'.They provide the capacity not only to enhance
quality and product variety, but also to reduce costs and
meet the requirements of small markets more e¡ectively.
As ¢rms in developing countries increasingly operate in
openmarkets, it is likelythatthe introductionofsuch orga-
nisational techniques will become more widespread. It is
unclear whether ICTs represent a `superior technique' or
whether they simply o¡er a new form of mechanisation
in which (expensive) capital is substituted for (cheap)
labour. If the latter is the case, this could be a reason for
the slower di¡usion of ICT-related changes in the manu-
facturing sectors in many developing countries than in
the industrially advanced countries.
3.7 Skills for capability building
The availability of appropriate skills is central to the
successful deployment of ICT-based innovations that
enable organisational learning. Compared to earlier tech-
nological systems, such as steam power or electricity,
ICTs are unique in that they a¡ect every function within
a ¢rm as well as every industry in the economy (Freeman
et al.1995).Even in the poorest countries, the rate of di¡u-
sion of ICTs is increasing partly as a result of the rapid
growth of international electronic networking. Against
this background, ICTs may o¡er opportunities for `catch-
ing up' by developing economies primarily as e¡ective
users of the new technologies and services.This depends
on an increase in the capacity to learn new techniques
(Cooper 1998 forthcoming). The catching-up process
requires certain technological capabilities in order to
absorb andmake the best use of the revolutionary techno-
logy.One of themost important prerequisites for building
technological capabilities is the accumulation of the skills
needed to use ICTs.
If the necessary human resource base is present in devel-
oping countries, this can give them an initial entry into
the global economy. Changing skills requirements are
altering the pattern of trade between the industrialised
and developing countries and opening up new opportu-
nities for those countries that can o¡er the necessary
expertise (see Box 3.4). It is becoming easier to locate
certain information processing services and some
Box 3.2 - Applying Japanese techniques in Africa
Many of the new industrial organisation techniques have
emerged from high-tech industries in Japan. But they can be
adapted to more straightforward industrial applications, as
demonstrated by results from a Zimbabwean ¢rm producing
agricultural carts. They made a number of changes in
factory layout, introduced just-in-time production and total
quality control, and involved the workforce in continuous
improvement activities.Theresultwas a35percent reduction
in costs, with higher quality andmore reliable delivery.
Before After
changes changes
Time taken to pass
through factory 8 days 80 minutes
öööööööööööööööööööööö
Distance travelled
by work-in-progress 3.2 km 100 metres
öööööööööööööööööööööö
Labour input per item 23 hours 13 hours
öööööööööööööööööööööö
Overall reduction in
production cost 35%
Source: Compiled fromKaplinsky (1994).
Box 3.3 - Understanding the market: Cutting lead times to meet
customer needs
An Indian producer of low-tension electrical switch gear
found that a gap in the market lay in meeting customers'
needs rapidly. By changing its internal organisation and its
links with its suppliers, it slashed its lead-time from 57 to 24
days, and substantially increased its market share.
Activity 1995 End 1996
Lead time (days)
Order processing 10 1
Manufacturing lead time 28 18
Waiting time in dispatch 7 1
Transport 12 4
ööööööööööööööööööööö
Total 57 24
Source: Humphrey, et al. (1998 forthcoming).
Box 3.4 - Global knowledge
At a conference co-hosted by the World Bank and the
Government of Canada with the governments of
Switzerland and the United States, the UN Development
Programme and other partners asked the question:`How can
developing countries, and particularly the world's poor, harness
knowledge for development, participate in the global information
economy, and gain access to the new tools for lifelong learning?'
(GlobalKnowledge1996).
`servicecomponents'ofmanufacturingproductionsuchas
inventory control in low-wage economies. As a result, a
substantial part of routine services, for instance data
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entry, is increasinglybeing re-located indeveloping coun-
tries such as India or the Philippines.More highly skilled
jobs, such as computer programming, are also being re-
located to these countries. It is not the absolute cost of
labour that attracts transnational companies to locate
their information processing work in developing coun-
tries, but the relative cheapness of the requisite skills.
The absorptive capacity based on appropriate technology
related skills needs to be measured against both the
demands of the international economyandthe local envir-
onment where a skills base for using ICTs is even more
important. Training geared predominantly to the needs
of the global economy can lead to a massive `brain drain',
as can be seen from the experiences of India, South
Africa, and the Mahgreb (Dje£at 1998 forthcoming;
Kaplan 1996). It has been claimed, for example, that the
cost of training computer programmers who have
migrated from India to the United States has, to a large
extent, counterbalanced the aid India received from the
United States in the last decade (Pundit1995).
Thedramatic shifts in skills requirements indomestic and
internationalmarketshave ledtoanadjustment lag, result-
ing inmacro-economic andmicro-level skillsmismatches
in developing countries. At the macro-economic level,
the `knowledge intensive' economy is experiencing rapid
growth in information-intensive services and manufac-
turing and the borderlines between manufacturing and
services activities are becoming blurred. For example,
inputs of information-processing services have reached
70 per cent or more of the total production cost of auto-
mobiles. In this and other manufacturing sectors `over
three-quarters of the value of a typical ``manufactured''
product is already contributed by service activities such
as design, sales and advertising' (The Economist 1996:
44).This clearly creates a major challenge for formal and
informal education and training systems in developing
countries.
At the micro-organisational level, the di¡usion of ICTs is
characterisedbyatransition tonewtypes ofwork organisa-
tion that are giving rise to increasing reliance on `lean
management' and to outsourcing of activities.Traditional
centralised manufacturing based on assembly line types
of mass production are shifting to decentralised produc-
tion modes based on networks of subcontractors.
Changes in management philosophy are giving opportu-
nities to the small and medium-sized enterprises that
cater to the demands of national and internationally oper-
ating companies. However, the businesses that fare well
under the new management organisational scenario are
those which acquire the necessary business, commercial,
and technological skills.
Capacity building to develop appropriate skills is a
dynamic process. As technologies change at increasingly
dramatic speeds, so do the skill requirements of people
inbusinesses and in their everyday lives.Lifelong learning
is becoming the essential prerequisite for lifelong employ-
ability and there is growing emphasis on multi-skilling
and the ability to learn new skills (OECD 1992).
Educationandtraining systems andlabourmarket institu-
tions are core elements in overcoming skills mismatches
and adjusting to the characteristics of knowledge produc-
tion. The problems of structural adjustment are even
greater for developing countries which lag far behind the
advanced industrialised economies in their £exibility to
copewith these challenges.
Women's training is a crucial aspect of skills availability in
developing countries. Access to certain cognitive skills is
becoming one of the main determinants of both produc-
tive e¤ciency anddistributive justice. It is very important
to ensure that the contribution which women can poten-
tially make to emergent knowledge-intensive economies
is fully mobilised. Therefore, the inadequacy of current
training systems to meet the educational and vocational
aspirations of women should be at the core of policy-
oriented research in order to improve existing training
for the bene¢t of women and their countries (Mitter
1993, 1995).
3.8 Alliances, partnerships, and trust
The skills base is central to building the competencies to
manage the technological innovation process.The trans-
formation of the skills base is especially visible in the
management of very large-scale projects that are involved
in constructing the national information infrastructures
in developing countries. The available skills must be
appropriate for handling complex products and systems
integration in the telecommunication, computing, and
software sectors.While the industrialised countries may
be able to outsource service sector work to some develop-
ing countries, there is evidence that this will not necessa-
rily be the case for the management and organisation of
highly complex manufactured product systems (Mitter
and Efendioglu1998 forthcoming).
The production of complex products and systems (CoPS)
includes high value products, capital goods, control
systems, networks, and civil engineering projects for
example, air tra¤c control systems, aircraft engines,
bridges, chemical plants as well as electronic commerce
systems, intelligent buildings, supercomputers, and tele-
communication switching systems andmobile radio infra-
structure (Miller et al. 1995; Hobday 1998 forthcoming).
Large production projects in these sectors focus on
systems design, engineering and integration skills. Some
of the key characteristics are shown inTable 3.4.
Advanced ICTsystems are essential to the coordination of
CoPS projects as well as to the design of innovative
products and systems. It may be that the skills required
for managing and organising the production of CoPSwill
be retained in the industrialised countries because they
are high value knowledge assets, while the skills more
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closely associated with back-o¤ce services and interna-
tional capital £ows migrate to some of the developing
countries.
Questions about thewhether developing countries should
have the capability for producing ICTs in order to use
them e¡ectively in applications such as the design of
complex products have been central to debates about the
need for capital goods production capabilities in develop-
ing countries (Cooper 1998 forthcoming). Developing
countries have answered these questions in di¡erent
ways. However, if people are to be able to take advantage
of the availability of national information infrastructures
theywillneedthe skills tomanage andoperate increasingly
complex systems.
Table 3.4 - Complex products and systems, and product
organisation
Product
characteristics
Complex component interfaces
Multi-functional
High unit cost
Product cycles last decades
Many skill/knowledge inputs
(Many) tailored components
Upstream, capital goods
Hierarchical/systemic
Production
characteristics
Project/small batch
System integration
Scale-intensive, mass production not relevant
Innovation
processes
User-producer driven
Highly flexible, craft based
Innovation and diffusion collapsed
Innovation paths agreed exante among
suppliers, users, etc.
People embodied knowledge
Competitive
strategies and
innovation
coordination
Focus on product design and development
Organic
Systems integration competencies
Management of multi-firm alliances in
temporary projects
Industrial
coordination
and evolution
Elaborate networks
Project-based multi-firm alliances
Temporary multi-firm alliances for innovation
and production
Long-term stability at integrator level
Market
characteristics
Duopolistic structure
Few large transactions
Business to business
Administered markets
Internalised/politicised
Heavily regulated/controlled
Negotiated prices
Partially contested (markets)
Source: Adapted fromHobday (1998 forthcoming)
Onemeans ofacquiring these skills is as a result of techno-
logy transfer which is increasingly regarded as desirable
to parent companies and to recipient countries.
Frequently manufacturing technology transfer involves
operational technologies, maintenance, and inspection of
technologies. Motivations for undertaking foreign direct
investment range from wanting to take advantage of
cheap labour, to business partners who invest because
subcontracting a production system is important. A
study of Japanese multinational parent companies that
have expanded their activities by investing in East Asian
countries has shown that the transfer of manufacturing
technologies seems to improve with the length of opera-
tion in the host country. However the transfer of very
sophisticated technology and skills depends to a greater
extent on the ability of localmanagement to exert pressure
on the parent company, a high share of local workers, and
the managerial status of local employees in the host
country (Urata1997).
Joint ventures and other types of alliances are potentially
important means of building appropriate skills for using
ICTs. Strategies based on competition are giving way to
strategies that explicitly incorporate cooperation.
Collaborative agreements are important sources of
competitive strength and the importance of collaborative
agreements is growing on a global scale. The promotion
of cooperation by policy-makers in developing countries
is crucial if they are to cope successfully with industrial
and technological change in a turbulent international
environment (Hillebrand1996).
Joint ventures involving multinational companies are an
increasingly common form of cooperative arrangement
in industrialising economies (Freeman and Hagedoorn
1994). Government policy-makers often encourage joint
ventures as a mechanism for transferring advanced tech-
nology and modern managerial practices to local ¢rms.
Despite their widespread occurrence, the management of
joint ventures has proved to be problematic because mul-
tiple ownership increases the scope for potential con£icts
between joint venture partners.
7
In addition, joint ven-
tures may not meet parent company expectations. For
example, the performance of nearly two-thirds of joint
ventures in the developing countries examined in one
studywas considered to be unsatisfactoryby themanagers
of multinational corporations (Beamish 1984). Joint
ventures will not o¡er a particularly e¡ective mechanism
for technology transfer or a way of strengthening skills in
developing countries unless their dynamics are better
understood.
Empirical studies on the successful formation and opera-
tion of cooperative relationships highlight the crucial
importance of intangible factors such as trust (Faulkner
1995; Schaan and Beamish 1988). Trust is a key factor in
cooperative strategies (in contrast to competition) and
involves mutual obligations (Buckley and Casson 1988;
Thompson1967).An explicit focus on trust, and concepts
such as forbearance and commitment, is helpful in under-
standing the impact of di¡erent forms of business organi-
sation and behaviour (see Box 3.5). It provides a basis for
the formulationand implementationofdevelopment stra-
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tegies by national governments, companies and other
participants within and outside developing countries.
Box 3.5 -Trust and cooperative partnership strategies
Over the last decade or so, interest in trust has increased
dramatically as its crucial social and economic importance
has become more apparent (Fukuyama1995). In the context
of partnerships, trust is a mechanism for reducing uncer-
tainty and increasing the predictability of desired outcomes.
Trust can be placed in individuals (personal trust) or in insti-
tutions (impersonal trust) and each of these consists of
promissory, goodwill, and competence components
(Granovetter1985; Shapiro1987).
Promissorybasedtrust is thedegree ofcon¢dencewithwhich
a party can be relied upon to carry out a verbal or written
promise (Rotter 1967). Goodwill based trust is the degree of
con¢dence that a party can be relied upon to engage in
actions which bene¢t the other party or refrain from actions
which would disadvantage or damage the interests of the
other party. This component of trust is related to the
concept of forbearance, the situation where one party to a
transaction will accept a time lag between ful¢lling another
partner's expectations and having their own expectations
ful¢lled in return. An essential aspect of trust is being open
to the risk of parties reneging on a deal. Competence based
trust is the degree of con¢dence with which a party can be
relied upon to have the knowledge, skills, or expertise they
claim or are believed to have (Sako1992).
Personalandimpersonaltrust are likelytodevelop indi¡erent
ways.Personal trust emerges innetworks inwhich individuals
engage in complex bartering of favours to build up mutual
obligations. Processes of personal trust require intensive
social interaction starting with minor exchanges whereby
actors test each other before moving to bigger transactions
(Blau 1964; Butler 1983; Shapiro 1987). Impersonal trust
develops in institutions involving well de¢ned rules and is
thus closely related to the processes of decision-making.
Trust can be examined as a central mediating variable
between the context of the joint venture arrangement (the
interdependence between the parties, competition and
ambiguity) and the outcome or performance. The results
of case studies of joint ventures in the United Kingdom
and Malaysia in sectors including automobile compo-
nents, textiles, and natural resource consultancy between
private and public sector organisations, show that trust is
extremely important (Butler and Gill 1996, 1997; Gill
andButler1996).
] Partnerchoice andthe success (or failure)ofpartnerships
are crucially a¡ected by trust between the parties and
contextual factors.Key contextual factors are the percep-
tion of mutual bene¢ts between the organisations and
whether competition is endogenous or exogenous in
the cooperative arrangement.
] Symbols of trust and the interpretation of trustworthy
behaviour are a¡ectedby the culture of the organisations
in the partnership.There are variations within ¢rms of
the same nationality arising from di¡erent historical
experiences or developments.Ownership type is impor-
tant since organisations from the public sector or
NGOs have di¡erent cultures from those in the private
sector.
] Personal relationships are at the core of trust between
organisations. Although instability in joint ventures
arises from changes in personnel and the environment,
the joint venture form is better suited to the transfer of
the tacit component of knowledge (Teece1981;Millar et
al.1996).
In theICTsector the outsourcingof softwaredevelopment
has led to countries like India and China generating soft-
ware code for ¢rms in industrialised countries, in some
cases, through joint ventures.Trust is important because
customers in industrialised countries require credible
suppliers.Mechanisms for enhancing trust are needed so
that policies aimed at building this kind of tele-trade are
successful.
In general, industrialisation strategies have focused on the
macro-level aspects of technology transfer where the
crucial choices are the transfer mechanisms (for example,
licensing, joint venture, technical assistance), rather than
on the inter-organisational dynamics and trust. Analysis
of the latter micro-level issues is needed to understand
the processes underlying the (un)successful transfer of
knowledge, skill and ICT applications between organi-
sations.
ICTs increase the technology-intensity of manufacturing
and services because information-processing becomes
more central to their production and use. Expenditure on
technology for services is growing rapidly in the industria-
lised countries and a greater proportion of investment is
being directed towards equipment rather than ¢xed plant
and other physical assets (Miles et al. 1990; OECD
1993b). Services are users of ICTs and some are highly
innovative in their use of new ICTsystem con¢gurations
and applications while others play a substantial role in
helping to di¡use ICTs via marketing, training, and
consultancy (Miles1996).
Thefeatures of thenewelectronic services are a¡ectingthe
organisation of the innovation process in the manufactur-
ing and service sectors. Services present additional chal-
lenges for developing countries because the innovation
process in services di¡ers rather substantially from that
in the manufacturing sectors and natural resource indus-
tries. The relationships between service suppliers and
clients and the modes of service delivery are very impor-
tant in the production and use of services. Innovation in
services involves a learning process where ¢rms use ICTs
for more than the support of routine information proces-
sing applications. ICT-based services, such as advanced
management information systems, become strategic
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assets that underpin other activities in the manufacturing
process and in public and commercial service delivery.
The recombination of these knowledge assets with intan-
gible, tacit knowledge helps ¢rms to compete in global
markets.
Table 3.5 shows that the institutional environment in the
public and private sectors, the skills base, the availability
of ¢nancing, and the technological capabilities in the
local environment, together with the rate of innovation
in ICTs, are contributing factors to the success or failure
of the adoption of ICT-based services.
The evidence on the factors contributing to the success or
failure of the adoption of ICTs and services by ¢rms in
developing countries is very limited. However, case
studies of successful and unsuccessful applications
suggestthat: large¢rmsoftenactasdrivers in the introduc-
tion of ICTs; ¢nancial service ¢rms are the prominent
early adopters; competition in telecommunication
service supplyhas a positive in£uence on the rate of di¡u-
sion of ICTs; amodern telecommunication infrastructure
is important for the successful introduction of ICT-
based services; network externalities are important for
the rate of expansion of the use of ICTs; product cham-
pions have a decisive impact on speeding the introduction
of ICTs in ¢rms; and innovative ¢rms or individuals are
important in the di¡usion of new technologies (Miles
1996).
Systematic evidence onhow these factors interactwith the
social and economic conditions in developing countries,
and especially the least developed countries, is needed if
these countries are to develop e¡ective strategies for
improving their use of ICTs in all sectors of the economy.
The following section provides a case study of the factors
in£uencing the management of technological innovation
in the ICT sector in China. This case study illustrates
howthis countryhasdevelopedstrategies tobuild capabil-
ities for using ICTs to strengthen the economy.
3.9 Managing technological innovations in
China
Theproductionanduse ofICTs inChina are characterised
by rapid increases in thevolume and range of both domes-
tic and imported ICT products. This rapid increase on
the supply side has been triggered by fast-expanding
domestic demand from industrial and private users.
Table 3.6 shows that the increase in the quantity of ICT
products consumed over the past 15 years has been
phenomenal.
Table 3.6 - Consumption of ICT products in China, 1980 -
1995 (in `000s)
Consumption 1980 1986 1990 1993 1995
Total no. of computers 2.0 190 1,014 1,600
- ofwhich domestically
produced
93 800
Communications:
No. of office program-
controlled exchange lines
13,000 35,670 70,000
No. of mobile phones 18 421 3,500
No. of pagers 25,000
No. of telephones 54,000
Internet (no. of users) 6 50
Source: Data compiled from various issues of Computer World (1997) and China
Computer Daily (1997) (Chinese).
Rapidly increasing demand for high-technology products
inadevelopingcountrylikeChinahas substantial implica-
tions for the management of the innovation process. For
Table 3.5 - Factors in ICTadoption success and failure
Core factors Symptoms Consequences
Institutional weaknesses Insufficient planning Inadequately designed systems
Unclear objectives Cost over-runs
Human resources Shortage of qualified personnel Insufficient support
Lack of professional training Isolation from sources of technology
Funding arrangements Underestimated project costs Unfinished projects
Lack of recurring expenditure Higher costs for software development and repairs
Local environment Lack of vendor representation Lack of professional to solve technical problems
Lack of back-up equipment and spares Implementation problems and delays
Technology and
information changes
Limited hardware and software availability Incompatible hardware-software
Inappropriate software Over-reliance on customised applications
Source: Adapted fromMiles (1996).
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example, escalatingdemand is raising questions about the
evolutionary path of growth, the means of technology
acquisition and the di¡usion processes within Chinese
organisations.
The western literature on China has been concerned
primarily with issues such as the process of industrialisa-
tion in developingcountries (Baark1986),how to do busi-
ness with China (Adler et al. 1992), and cross-cultural
issues involved in international technology transfer
(Minkes 1995; Tsang 1995). Despite their contributions
to a better general understanding of China-related issues,
there is a very great need for interdisciplinary analyses
that grasp the extremely diverse nature of China's
economic, technological, industrial, and market develop-
ment. Concepts such as sectoral or regional systems of
innovation are useful. However, the application of these
concepts needs to re£ect the diversity and radical nature
of China's economic and technological development.The
concepts must be adapted to re£ect the di¡erent experi-
ences of China as compared to countries like the
Republic ofKorea orTaiwan (Pr. China).
3.9.1 The evolutionary path of rapid growth
in China
Several growth models have been used to explain the
evolution of ICTs in the western industrialised countries
including the `three-era model' where ICT applications
evolve from data-processing in the 1960s, to information
systems in the1970s, and to strategic information systems
in the 1990s (Ward et al. 1990). In the `three phase
model', the hardware constraints of the1960s are followed
by software constraints in the1980s, and user relationship
constraints in the1990s (Friedman1990).
InChina, the development of ICTs di¡ers from the evolu-
tionary paths suggested by these two models. Although
China made its ¢rst computer in 1958, only a few years
later than the western industrialised countries, the
production and use of computers were restricted to
research in the ¢eld ofmilitary technologies.The produc-
tion of the ¢rst computers drew upon China's large
resource endowment in basic science.The ¢rst civil ICT
applications were for word-processing and technical
calculation and they were used in national administrative
departments and in a large vehicle manufacturers.
In the 1980s China began to pursue a new ICT policy -
`Import, Digest, Develop, and Create'. ICTs were identi-
¢ed as a key high-technology in China's `863' plan. In
1993, the State Council set up an organisation called the
Joint Meeting of National Economy Informatization to
promote further development and use of ICTs.
W|th the opening of the country's economy and its rapid
growth, the orientation of scienti¢c and technological
development has shifted dramatically from `defence-
push' to `market-pull'.The disadvantages of the old strat-
egywith its exclusive emphasis on basic science and mili-
tary technologies have become obvious. These include
the absence of technologies that can be applied as a result
of the slow speed of early technology development, low
cost e¡ectiveness, andweak understanding of the market.
The result has been a heavy reliance on imported goods
and technologies, poor quality domestic products, and
low success rates in e¡orts to bring superior technologies
to the market. For instance, of total PC sales of1,600,000
units in 1996, and only 50 per cent were produced by
domestic companies, such as Great Wall and Legend.
Most of these were sold to home users who are much less
quality-conscious than industrial users.
A distinctive feature of the evolution of China's ICT
capabilities since economic reform in the 1980s is the
overlap of the phases of the growth models developed in
industrialised countries. For instance, although Chinese
organisations have yet to master the use of information
management systems, the Internet has entered the
market and use of it is increasing.
3.9.2 Technology acquisition by Chinese
businesses
The development paths of China's technologies, such as
ICTs, are heavily conditionedbypast historical and politi-
cal situations. For more than 40 years, the strategy of the
Chinese government in technology developmentwas one
of technological self-reliance rather than imitative learn-
ing, as in the case of countries and territories like the
Republic of Korea and Taiwan (Pr. China), or techno-
logical dependence, as in the case of Hong Kong and
Singapore (Kim and Ro 1995). Technology self-reliance
depended heavily on indigenous development as the
typical acquisition mode for new technology with a
strong focus on the accumulation of in-house technical
capability. Consequently, China is behind other East
Asian countries inmost ¢elds ofcommercialgoodsmanu-
facturing and application technologies, although it has
substantial technological capability in military satellite
andmicrowave transmission systems (He1997).
China has been one of the largest importers of technology
in the world since the1980s. Among the various channels
forabsorbingforeign technology,theChinese government
has a strong preference for joint ventures (Tsang 1995).
During the initial years of economic reform,China main-
tained tight control over inward foreign investment.
Laws governing wholly foreign-owned enterprises were
promulgated only in 1986, eight years after the start of
reform. At that time, the Chinese government already
had abundant experience in handling foreign investment
and so was more con¢dent about its ability to direct
foreign-owned subsidiaries. Other means of technology
transfer, such as turnkey projects, licensing, etc., have
beenplayeddown.First, importinga complete production
unit is very costly and often includes components that
can be purchased domestically at lower cost. Second,
these approaches did not yield the know-how expected by
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the Chinese and failed to spread the technology.There is
substantial evidence to show that licensing in isolation is
e¤cient for transferring only older, codi¢able knowledge
(Hennart 1988, 1989). As China's purpose in importing
technology has been to develop its export capability and
to compete in international markets, interest has focused
more on complex technology at the cutting edge than on
older generations of technology.When knowledge is tacit,
close interactionbetween the transferor and the transferee
is required and, as a result, licensing alone is insu¤cient.
Jointventures have been the primarymeans of technology
transfer in China for four reasons: the Chinese partner
has a say in the management of a joint venture; the
commitment of the foreign investor to make the project a
success is secured;the transferofsophisticated technology
requires close interaction; and the transfer of much-
neededmanagerial know-how is included.
There has been a rapid increase in the number of joint
ventures since the start of the reform. For example, in
1996 a Mitsubishi-Stone joint venture was initiated in
Beijing with total investment ofUS$ 2 billion and a capa-
city of 20,000 8-inch chips per month. Another joint
venture company, Saiyifa, was set up in Shenzhen with a
total investment ofUS$ 7.7million.However, the techno-
logical element of these joint ventures is low since most
of the equipment needed for the production of integrated
circuits andchips,etc., is imported,andthemain activities
of these joint ventures are concernedwith the ¢nal stages
of production.
There are two categories of joint venture, Original
Equipment Manufacturers (OEM) and production of
goods predominantly for domestic consumption
(Hobday 1995).The extent to which Chinese partners in
joint ventures in each of these categories can build up
their own technological and managerial capabilities
through cumulative learning is an important issue for
China.
3.9.3 The diffusion of ICTs within Chinese
organisations
Although the Government has been trying hard to push
Chinese organisations to use ICTs, the results have not
been promising. Three factors need to be considered to
understand this: culture, technical skills, and themanage-
ment structure in Chinese organisations. First, there is a
potential contradiction between the implementation of
ICTs and the organisational culture in China. The
`power-distance dimension'describes the extent to which
a country accepts the fact that power is distributed
unequally (Hofstede 1980). Chinese organisations are
modelled on the family and are operated under a highly
unequal distribution of power. The application of ICTs
has two kinds of impacts.The installation of information
systems increases the degree of transparency and inform-
ation sharing across the organisation; and the use of
computers tends to marginalise older, more senior people
in the organisation (Zhao and Grimshaw 1991). This
helps to explain the reluctance of someChinese managers
to introduce computers and information systems.
The second factor is concernedwith the lackof technically
skilled workers.The labour market in China has two tiers
with an over-supply of unskilled workers and a corres-
ponding shortage of professionals and managers (Tsang
1995). The huge population accounts for the excess of
unskilled workers while two main factors are responsible
for the shortage of professionals and managers: higher
education cannot keep pace with the country's rapid
economic development; and the destruction of education
which was brought about by the Cultural Revolution
(1966-76). During those ten years, intellectuals were sent
to farms to undertake manual labour and the universities
were closed down.This shortage of technical personnel is
detrimental to technology transfer and di¡usion.
Organisations often purchase the latest computers and
information systems as their ¢rst ICT investment
because of a strong desire to catch up. However, neither
the skills nor the organisational structures are adequate
tohandle thenewtechnology.Onthe otherhand, technical
personnel in China are renowned for their quality. A
survey of joint ventures located in Shanghai found that
Chinese engineers and technicians were praised by both
Japanese and US managers as hard-working and creative
(Stavis and Gang 1988). Also, salaries are much lower
than for their counterparts in the industrialised and
newly industrialising countries, and this is regarded as an
advantage for establishing high-technology industries
such as ICTs.
The third factor concerns the organisational structures
and the lack of managerial skills. Under the previous,
centrally-planned economic system, a Chinese enterprise
was a production unit inside the vast planning system.
Each year, it was assigned a production output quota, and
all its products were sold to the state at a predetermined
price. Any pro¢t was handed over to the state and any
loss incurred was automatically absorbed by the state.
Investment decisions could not be made independently,
and the enterprise had little say in personnel matters,
including salary scales, recruitment, dismissal, etc. Such
modern management skills as marketing, corporate plan-
ning, ¢nance, and human resource management were
alien to Chinese managers until the mid-1980s, when
more authority and responsibility were given to them
under the `manager responsibility system'. Since then,
Chinese managers have been undergoing a period of
adjustment and re-training. However, this is a slow and
painful process, and the lack of competent and quali¢ed
managers in Chinese organisations remains one of the
biggest obstacles to promoting and enabling the di¡usion
of ICTs at ¢rm level. As a result, ICT applications are
generally restricted to data-processing, calculation,
accounting, etc., despite some successes in other areas
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such as the application of computer-integrated-manufac-
turing systems (CIMs) (Wu1995).
3.9.4 Building capabilities in China
The demand for ICTs in consumer and industrial markets
has expanded rapidly inChinabuttheproduction capabil-
ities of domestic producers are being marginalised by
foreign producers and as a result of joint ventures. The
volume of production is considerable but this is mainly
for home use and is of relatively lowquality.Many domes-
tic producers are spin-o¡s from research institutes,
originally with the aim of commercialising their research
results. So far their performance has been limited by lack
of experience in market environments.
In the longer term,domestic producerswill continue their
struggle to upgrade the quality of their products, to intro-
duce new models, and compete head-on with foreign
producers and joint ventures in both domestic and global
markets. The likelihood of success depends on their
ability to transform basic technologies into commercial
products, to form strategic alliances with other East
Asian countries, such as the Republic of Korea, to obtain
application technologies, and to master modern manage-
ment techniques through a process of learning-by-doing.
In themeantime, themajorityof the current jointventures
are for OEM production.They remain the primary focus
for technology transfer and have assisted Chinese organi-
sations in the acquisition ofmanagerial skills.
The use of ICTs inChinese organisations is characterised
by a mismatch between the highly advanced technologies
that are often adopted and the low level of managerial and
technical skills within the organisations. Di¡usion of
ICTs has been limited to a relatively narrow range of
sectors and functions, and the development of ICT
systems in China is extremely uneven throughout indus-
trial sectors and regions.Most of the organisations which
have intensive investments in ICTs are in the aeronautics,
telecommunication, chemicals, and manufacturing
sectors.TheICTintensity ismuchlower in the agriculture,
transportation and health-care sectors. There is also a
considerable gap in ICT intensity between big cities like
Beijing, Shanghai, and Guangzhou and small towns and
villages, and between the developed Southeast regions
and under-developed Northwest regions. The problem
of how to reduce these gaps remains a big challenge for
the country.
This challenge is being taken up by the State Science and
TechnologyCommissionbytheirappointmentofan inter-
national team to undertake a comprehensive review of
China's experience over the last decade in the reform of
its science and technology system. The team concluded
that `there is not an explicit policy in China for interna-
tional collaboration in science and technology that fully
embraces the implications of today's realities in techno-
logicaldevelopment' (Oldham1997: 6)and recommended
that more emphasis be placed on international collabora-
tion in science and technology in order for China to learn
about other international experiences.
3.10 Conclusion -Technology choices,
selection, and capability building
Thescienti¢candtechnological innovationprocess always
brings challenges for policy-makers. Decisions must be
made about whether or not new technologies should be
adopted.The future of `legacy' technologies when a new
ICT good or service emerges needs to be considered and
the appropriate balance between the old and the new
options is subtle.There are often limitations on the ¢nan-
cial and knowledge resources available, that help in
making these choices. A decision to adopt a particular
technology can limit the `degrees of freedom'of decision-
makers and users in the future.
Theway inwhichBrazil chose to adopt earth station tech-
nology for its satellite communication system in the
1960s illustrates the complexity of the technological
assessment process that is needed to choose between
competing ICTs and to ensure that management and
otherskills arebuiltup inorder touse thenewsystem e¡ec-
tively (FerreiraSilva1996). In the case ofBrazilian satellite
technology, the existing technical options were the
continued provision of international telecommunication
services using high frequency (HF) radio or submarine
cables. Both these technologies had limitations.
Telecommunication circuits were limited in quantity and
the quality of transmissionwas relatively poor.New satel-
lite communication technologies appeared to provide a
solution to many of the technical constraints.
The process of decision-making leading to investment in
satellite communication technology involved the recog-
nition by policy-makers that the selection of a new tech-
nical system should be based upon a comparison of the
technical features of available alternatives, and that it
needed to take account of constraints on decisions origi-
nating in the domestic and international environment. In
the1960s there was a shortage of ¢nancial resources, very
limited technical knowledge, and an almost complete
absence of technological and institutional organisational
capabilities relevant to the development of satellite
communication systems. A detailed assessment of the
technical and economic features of competing systems,
the political issues, and the required competency base,
led to the successful adoption and development of a satel-
lite communication system in Brazil.
This Brazilian case illustrates the importance of techno-
economic factors relating to the scale of investment, the
level of pro¢tability, the learning processes, the market
competition expected, the speed of technical innovation,
andtheproductivitygains.Political factorswere important
including the willingness of countries leading in the
production of the new technology to share technological
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knowledgewithadevelopingcountry.Itwas alsonecessary
to participate in, and comply with, an emerging inter-
national regulatory regimewhichwas a¡ecting the design
of satellite systems and the technology transfer schemes
available to Brazilian ¢rms. The technology selection
process involved a high degree of uncertainty and unpre-
dictability, but the technology assessment process gave
rise to opportunities for learning-by-using and learning-
by-doing.
Developing countries need to acquire capabilities for a
wide range of technology assessment practices in order to
encourage e¡ective technological learning by ¢rms. As
the global economy is transformed and the locus of
power and the capabilities for action are re-distributed,
there is aneedforassociatedchanges inmanagementprac-
tices, new forms of organisational learning, and to
develop e¡ectivepartnerships thatcan leadtothe accumu-
lation of both technological and social capabilities.
The generic policy remedies that are available to develop-
ing countries to improve the links between technological
innovation and development priorities include incentives
introduced through macro-economic policy measures,
increased role of competition in domestic markets, and
measures to foster the competitiveness of domestic ¢rms
in foreign markets. Policies addressed to the skills base in
management, technical, production engineering, design
and development, scienti¢c research, and organisational
and marketing ¢elds are also important. Policies which
generate ¢nancial resources and focus directlyon building
technological capabilities can be combined with those
which focus speci¢cally on building up information on
the range of technological options.Access to collaborating
researcherswho areproducingnewknowledge, standards,
metrics and testing advances, support for basic research,
andaccess to external sources oftechnologyare important,
but access to knowledge(with orwithoutICTs) is not su¤-
cient. The remedies for weaknesses in these areas put a
high premium on clearly identifying learning opportu-
nities, strengthening knowledge in key areas, and selec-
tively supporting priority sectors (Lall1995;Reddy1996).
Although production capabilities are important for creat-
ing technological capabilities, they are not the only
pathway to e¡ective use of ICT hardware. It also is not yet
clear whether developing countries need to be able to
produce software in order to use it e¡ectively. It does
appear that developing countries need to be able to
provide ICTapplication support services and this implies
the need to ensure that the population has a range of
skills that are in some cases very similar to those needed
for the development of software (Cooper 1998 forthcom-
ing). Informal learning processes in ¢rms will remain
vitally important as this chapter has shown. Chapter 4
turns to the institutions of formal education and their
use of ICTs to enable new forms of learning.
Notes
1 Forexample, adecision toestablishanewdegreeprogramme
in one developing country might involve four partners; one
providing the bulk of the teaching; a second providing
experimental sites for thesis work; a third (in the industria-
lised world) assisting with course design, providing some
teaching, and accrediting the whole programme; and a
fourth providing pump-priming funds.
2 See Lundvall and Johnson (1994); Lundvall (1996a,
1996b); Foray and Lundvall (1996) and similar perspec-
tives such asDrucker (1993).
3 The concept of tacit knowledge was developed by Michael
Polanyi in the late 1950s and early 1960s, see Polanyi
(1966). Forareviewofrecentdiscussionsontacit(heuristic,
subjective, internalised) knowledge as compared to know-
ledge that can be transmitted using a formal, systematic
language (codi¢ed knowledge), see Senker (1995). Note
that there is debate about the distinctions between the two
types of knowledge.
4 The problems experienced by IBM, whom one might have
expected to master the use of advanced business information
systems, illustrate the point.
5 The`kanban'control systemreferstojust-in-timeproduction
systems and organisational techniques developed by
Japanese companies which originally were making very
little use of ICTs. Such systems ensure thatwork in progress
is pulled rather than pushed through the plant.
6 `Endogenisation'refers to the process of creatingand embed-
ding local capacitieswithindomestic¢rms through processes
of continuous improvementand learning.
7 Killing(1983)recommends forming jointventures inwhich
one partner has dominant equity control, but the under-
standing of joint ventures is incomplete (Parkhe1993).
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4. Strengthening the science and technology base through
education and lifelong learning
4.1 Introduction - Applications for formal
and informal education
Major transformations are occurring in the formal educa-
tion sector and other organisations that play a key role in
enabling people to develop new capabilities. These
changes are partly the result of the increasing use of ICTs
as enabling technologies for education and learning.The
extension of more a¡ordable communication networks
enables networks among communities of interest
supporting the exchange of scienti¢c and technical
information as well as sharing knowledge about all
aspects of business and everyday life. The application of
ICTs is leading to more £exible learning environments.
The feasibility of interactive learning (between teachers
and learners, between computer-based software applica-
tions and learners,andamongteachers and learners them-
selves) is becoming a reality for some people in
developing countries. In other countries, it is a technical
possibility that may become a cost-e¡ective alternative to
traditionalformsofeducation in thefuture.Thepossibility
of continuous informal education and lifelong learning is
growingwith the increasedavailabilityofICTapplications
and creativity in their application to address development
problems.
Indevelopingcountries, the potential of the applicationof
ICTs in these areas is only beginning to be realised. For
example, there are now su¤cient examples of both
successful and unsuccessful initiatives to allow some
lessons to be drawn.The use of ICTs in support of formal
and informal education o¡ers the potential to strengthen
the capabilities of thepopulations indeveloping countries
with the expectation that this, in turn, will strengthen
the science and technology base. However, this potential
can onlybe exploited if the formal and informal education
processes in developing countries allow people to acquire
the skills that are necessary to use new technologies creat-
ively andproductively.This task cannotbe left solely to the
educationandtrainingopportunities o¡eredbythemanu-
facturing and services ¢rms in the business sector (see
Chapter 3).
Major changes in formal education systems and institu-
tions as well as the organisations that contribute to infor-
mal learning are needed to build new capabilities. The
introduction of lifelong learning strategies require that
the foundations of learning be strengthened and
changed. It also implies that there must be £exibility for
movement between education, training, and work, and
new roles for public and private sector institutions that
contribute to the learning process. Questions need to be
asked aboutwhether governments are moving to concep-
tualise the education thatwill be needed.These questions
include whether there is an appropriate balance between
investment in skills related to the use of ICTs and in the
generic competencies for participating in future `know-
ledge societies' (Rutanen1996).
The explosionofInternet activityandthe increasinguse of
ICTs to support distance education as well as interactive
learning in the classroomhas suggested to some observers
that these applications will help to overcome problems of
cost and location in the provision of education and train-
ing. For example, the content of education curricula can
be delivered on CD-ROM, on diskette, or via satellite
links developing software programmes and audiovisual
programming from distant centres. V|deo productions
can be circulated more easily among local and interna-
tional communities. Subject databases can be accessed
remotely.Inprinciple,education institutions and informal
community-based initiatives could become `virtual'.
Many new opportunities could exist to include students
and citizens in developing countries in the informal and
formal education process. Section 4.2 assesses the extent
to which these opportunities are becoming a reality for
developing countries.
Theknowledgenetworksthatsupportscienceand techno-
logical innovation are becoming increasingly interna-
tional. They are involving a growing number of types of
research and education institutions, not only institutions
of higher education (Gibbons et al. 1994; Ziman 1994).
Recent empirical evidence suggests that in the 1990s
scienti¢c research has generally involved teams of people
working in di¡erent institutions in the same country or
around the world. Science and technology research
networks are becoming the norm, rather than the excep-
tion. Researchers working independently cannot hope to
have the full range of skills, equipment, and materials
needed to carry out modern scienti¢c research (Hicks
and Katz 1996). Scientists are engaged in a continuous
learning process involving the recombination of codi¢ed
information and tacit knowledge to generate new know-
ledge.The changes in the research process are enabled by
ICTapplications in a wide range of ¢elds of expertise and
they require speci¢c skills in the use and application of
ICTs by the research community. The strengthening of
the overall science and technology base in developing
countries is closely associated with the capabilities of the
general population. The broader di¡usion and e¡ective
use of ICTs to address development problems requires
the development of new competencies throughout all
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areas of society to enable the creative application of ICTs.
Section 4.3 highlights the roles of trade unions, voca-
tional training programmes, governments, and non-
governmental organisations (NGOs) in encouraging
learning and the build-up of new capabilities to take
advantage of the potential bene¢ts of ICTs.
Although ICTs o¡er considerable potential, there are
questions about the potentially negative impacts of
greater access to the world's stocks of information as a
result of connection to globalnetworks. If this information
is to be combined e¡ectively with local knowledge, there
will be a high cost in terms of investment in new forms of
education and in achieving greater computer literacy in
the business community and civil society.When there are
inequalities inboth access tonetworks and in the distribu-
tion of the relevant competencies, there is a risk that the
introduction of ICT applications will be divisive.
Disempowerment, rather than empowerment may be the
result (Hamelink1996). AsCharles Cooper suggests:
These [possibilities of exclusion]aremaldistributions of income
andwealth, on the onehand, and(often closely related) inequi-
ties arising from the way the education system works, on the
other.The risk is therefore quite clear, that if the introduction of
information technology in fact leads to important economic
and social advantages, i.e., if information technologies are in
that sense a ``good thing'', they may nevertheless reinforce an
already existing system of inequalities. Indeed, if they are
applied without attention to the potential exclusions which
existing income distribution and educational bias may intro-
duce, we could face an outcome where the more successfully the
new technologies can contribute tohumanwelfareat the indivi-
dual level, the more decisive they may be in deteriorating the
distributionofwelfareandgenerating sociallydamaging exclu-
sions (Cooper1998 forthcoming).
The recent attempts by some of the developing countries
to strengthen their education systems by using ICTs
provides insu¤cient evidence to reach any clear conclu-
sions aboutwhether thebene¢tswill include the reduction
of social and economic inequities. However, the evidence
does suggest that much greater attention needs to be
given to the organisation of education and training when
ICTs are introduced and to the associated infrastructure
(for example, electricity, transport,updating and currency
of education and training content, responsiveness of
content to local economic, cultural, and political settings,
etc.). ICTapplications for education in many cases have
been over-speci¢ed in terms of their technical sophistica-
tion, have been unsuited to the organisational and techni-
cal infrastructure in developing countries, and in-
su¤ciently tailored to the problem-solving environment.
4.2 Education, lifelong learning, and
institutional change
The formal institutions of education that exist today, and
even many of those in the planning stages in developing
countries, are becoming less relevant to the requirements
of emergent `knowledge societies'. It is important for
these countries to reshape education institutions in a way
that is consistent with their development priorities.
There are supporters of the ICT revolution who insist
that conferences and small discussion groups around
computers, sur¢ng the Internet, etc., are all that is neces-
sary to prepare students for the `knowledge societies' of
the future.This will be a `world in which most problems,
whether scienti¢c or corporate, are addressed by teams.
Students prepare papers collectively and they can log
onto networks to confer with other students located in
foreign countries' (Rutanen 1996: 7-8). The experience
in Pakistan described in Box 4.1 emphasises the access
element.
Box 4.1 - Network applications in Pakistan
In Pakistan, the Education Support Trust uses networking
facilities (EDUNET) to provide communication access to
schools, teachers, and students and access to relevant educa-
tional material on the Internet and from the Trust's CD-
ROMs and database. There is a fee for obtaining electronic
material fromEDUNET (Byron andGagliardi1996).
However, others argue that the Internet carries an abun-
dance of poor quality information. In addition, they
suggest that the ICT-based learning tools are culture-
bound andproducedmainly by, and for, the industrialised
countries: `The dry and inhuman information will be
confused with worthwhile knowledge if people are not
equipped with the ability to analyse the information £ow
from cyberspace. We might end up in a world where
instead of soul we have membership in the crowd, and
instead of wisdom, merely data and digits' (Rutanen
1996: 9).
The range of ICTapplications in the education sector that
is being developed to tackle problems in the development
context is substantial (Byron and Gagliardi 1996). For
example, computer-aided instruction is being used to
assist in self-learning not only in the classroom but at a
distance from the formal classroom. ICTs are being
applied to help overcome teacher shortages. Serving as a
teaching tool for students and for teachers, ICTs are used
to develop and upgrade teaching skills. In some cases,
this process is enhanced when electronic communication
opportunities exist for teachers, enabling them to
exchange both experiences and teaching material. ICTs
and network access can be used to create repositories of
study materials that can be transmitted and reproduced
at very low cost.
In most developing countries the education systems are
resource constrained as shown in the left-hand column of
Table 4.1.The right-hand column shows some of the ways
in which the potential bene¢ts of the application of ICTs
can help to alleviate these constraints.
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However, each of the technical solutions in Table 4.1
assumes that resources are also invested in organisational
innovations on a continuous basis. In the absence ofwide-
spread institutional change, ICTs are likely to be applied
within in£exible traditional education programmes.
Under these circumstances they are unlikely to become
the basis for lifelong learning opportunities for many of
the marginalised people in the developing world.
There is a risk that new technical solutions that are
intended to enhance learning will be biased in ways that
disadvantage learners in developing countries. This may
occur, for example, if software-based learning materials
re£ect only the cultures and values of the countries in
which theywere produced.Thevastmajority of education
software is produced in English and originates from the
industrialised countries.There is also some evidence that
the ICT-based learning environments that are responsive
towomen's needs di¡er from those which are attractive to
men. In designing software-based learning products,
these di¡erences need to be taken into account
(Cockburn 1985). Software products also need to be
consistentwith the cultures andvalues of students.
4.3 ICTs for teaching and learning in the
industrialised countries
There is a growing amount of experimentation with the
use of ICTs in the classroom and to support `virtual' or
`distant' education systems in both the industrialised and
developing countries. In the industrialised countries,
concerns are emerging that the increasing application of
ICTs in education and training may result in the emer-
gence of communities of `Intimate Strangers' who never
meetwithin the traditional con¢nes of the school orwork-
place. AsChristopher Freeman has noted:
Schools are extremely important for socialisation and commu-
nication. ... one of the major needs of the future workplace is
communication skills. It is di¤cult, if not impossible to acquire
these in isolation or purely through ICT. Not only in work but
also in social and political life, communication and social-
isation are extremely important. Schools have a major role in
social cohesion and in national culture (Freeman and Soete
1994:157).
Evidence is accumulating in the industrialisedcountries to
demonstrate the importance of e¡orts to ensure that the
Table 4.1 -The potential of ICTs for education
Constraints Technological solutions
Time
Teaching and learning have to take place at a particular time,
repeated for different groups.
Different forms of recording and storage permit access on demand.
Place
The same teaching module has to be repeated in several locations.
Students have to congregate in a designated space.
Communication is made possible over considerable distances.
Learning can take place in many locations, including the home.
Cost
Well-presented, teacher-intensive education is costly.
Although the claim is often exaggerated, the use of communication
technologies can lead to economies of scale.
Age
Many educational processes, structures and opportunities are age-
related, favouring the young.
The new technologies can provide learning opportunities for all ages.
Dimension
Much of the teaching is confined to the individual and the teacher,
with limited hands-on experience and exposure to other information.
Technology can enhance visualisation and sensory perception.
Environment
Learners are inhibited by many barriers: ethnic, cultural, linguistic,
physical, etc.
Learning through the new technologies can be customised, drawing
on the best planning and teaching resources and awide range of
illustration.
Access
Much information is inaccessible (in archives, remote locations,
laboratories).
The new technologies can increase accessibility by making
information available in user friendly settings and formats.
Creativity and Freedom of Expression
Constraints on expression, endemic in many societies, can seriously
impair educational processes.
The new technologies encourage creativity and freedom of expression,
by exhibiting a variety of models and learning experiences, and by-
passing many frontiers which restrict the circulation of ideas.
Source: Hancock (1997).
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use of ICTs in education does not create new social divi-
sions, especiallyamong school children.Box4.2 illustrates
a network that extends to some developing countries
which is attemptingto avoidnewforms ofsocial exclusion.
The relative accessibility of ICTs in schools and the
home, and di¡erences in access among income groups,
the special needs of individuals in both urban and rural
areas, the handicapped and elderly, and men and women
also need to be given special attention as ICT-based learn-
ing opportunities are introduced.
Since the1970s, the introduction of computers in schools
has been an objective of government policy in Europe.
The European Commission Task Force on Educational
Software and Multimedia has estimated that investment
in Europe of around 6 per cent of the European Union's
total estimated expenditure on education in 1994 is
needed to reach its targets for providing adequate access
to computers in schools.
1
The experience of the United
Kingdom o¡ers an illustration of the problems that are
encountered as schools make greater use of ICTs and
some of the policy solutions (see Box 4.3).
In the United Kingdom, as in other industrialised coun-
tries, experimentation with new applications is revealing
the crucial importance of how the new applications are
introduced in terms of teacher and student training and
organisation and equity issues.Most of the industrialised
countries, apart from the United States, are ¢nding that
there is a `content gap' and Britain is several years behind
the United States in producing appropriate content for
ICT-based applications in British schools (Macdonald
1997).The United Kingdom, like the United States, and
several other countries in the OECD area, sees its
strengths in theproductionofcontent for the international
export market.
4.4 Distance education as an option for
developing countries
World population growth poses a tremendous challenge
for the ideal of education for all and, even more so, for the
provision of opportunities for lifelong learning. Even in
the year 2025 about 100 million children world-wide will
not be in a school. In the year 2000 the young age depen-
dency ratio in developing countries will be 56 per cent
compared to 31.2 per cent in industrialised countries.
The old age dependency ratio will be 8.3 per cent
comparedto20.3percent.Theyouthfulness ofthepopula-
tion in developing countries has signi¢cant implications
for the demand for teachers who are needed regardless of
whether formal or informal education is provided. In
manydeveloping countries education e¡orts are expected
to be directed to incorporating young people in ¢rst and
second level education (Laaser1998 forthcoming).
In developing countries it is estimated that nearly one-
third of the children who start the ¢rst grade will drop
out before completing grade four. In the least developed
countries, overall public expenditure per pupil declined
from US$ 50 in 1980 to US$ 45 in 1988 while increasing
from US$ 1,862 to US$ 2,888 in the industrialised
countries and from US$ 106 to US$ 219 per student in
developing countries generally (UNESCO1991: 37).
Box 4.2 -The KIDLINK project
The KIDLINK project provides the means for on-line
communication for children between the age of 10 to 15 in
any country with access to the Internet. Started in 1990 in
Norway by the KIDLINK Society, the project consists of
mailing lists, web sites and real-time online chat facilities. It
aims to prepare children for the global information society
and to increase their awareness of responsibility for shaping
the future by allowing them to interact and learn in a multi-
cultural,multi-lingual environment regardless of geographi-
cal boundaries. There are mailing lists for schools and the
parents and teachers of registeredchildren.On-line activities
are targeted at classroom participation within the formal
education system (Berg1998 forthcoming).
Governmentpolicies areneededwhich take accountof the
advantages of the use of ICTs in education and seek to
minimise the risks of becoming overly-dependent on
imported training materials that cannot be customised to
local conditions. The implementation of ICTs in the
education system in developing countries is often depen-
dent on contributors outside the public sector, that is,
NGOs, commercial ¢rms, parents, and other agencies
acting as donors who introduce the technology into
schools.The role of private sector involvement is contro-
versial in many countries because of concerns about the
potential clash of interests between the socio-cultural
values embedded in training materials and the pro¢t-
driven interests of the private sector.
Universities canbe valuable contributors to the successful
implementation of ICTs in the education system because
of their own experience of including ICTs in their curri-
cula and their accumulated technical expertise. When
equipmentmaintenance and other infrastructure barriers
(that is, teacher training, electricity) have been overcome
in the university context, this experience can be useful
for the extension of ICTapplications into the lower levels
of education.
Developing countries began introducing computers in
schools in the mid-1980s and many now are able to o¡er
post-secondary, and some secondary, school access to the
new technologies.
2
The biggest challenge is to provide
schools with the necessary equipment.
3
Once this chal-
lenge is met, however, countries are facedwith new issues
concerning the selection of appropriate educational
content and digital products. The costs of introducing
computers in education institutions on a widespread
basis are beyondconsideration for most developing coun-
tries, even those at middle income level. The costs
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Box 4.3 - ICTs and education in the United Kingdom - learning to overcome inequalities
Uniquely among theG7 industrialised countries, all young
people in British schools have an entitlement to use ICTs
in the course of their learningbecause of the national curri-
culum requirements (Blamire 1996). From age ¢ve to 16,
young people can expect to use ICTs to help them learn
subjects like history and English and at the same time to
develop their ICTskills in, for example, handling inform-
ation, and word processing. In secondary schools there is
one computer for every eight pupils. The proportion of
pupils to computers is one of the highest in the world.
About 20 per cent of schools have Internet access but this
includes approximately 85 per cent of secondary schools
and no more than 5 per cent of primary schools.
Children who have been through the education system are
able to use computers to access, select, assess, and apply
information. They also develop the skills and motivation
for lifelong learning so that they can continue to be employ-
able as jobs demand new skills and abilities. They acquire
the con¢dence and attitudes essential for successful use of
ICTs.
W|thin thehome the situation isverydi¡erent.One-thirdof
children are in families with an income of below half the
national average. Some technology is ubiquitous: 99 per
cent of the22millionBritish homes have a colour television,
96 per cent of couples with children have a video cassette
recorder and 91per cent of all households have a telephone.
In two-parent families with children, 48 per cent have a
computer at home. In homes with a lone parent with chil-
dren this ¢gure drops to 24 per cent. Children from homes
with computers tend to dominate the use of computers in
schools, requiring compensatory measures to be taken.
Over 3 per cent of homes (635,000) are on-line and in1996,
5 per cent of the British population tried to access the
Internet.
InBritainpublic fundinghasbeenusedto support anumber
of schemes based around multimedia. Over 35 per cent of
primary schools in England and Wales are equipped with
multimedia PCs and a tool kit of CD-ROMs.Three initia-
tives illustrate recent approaches.
] Schools-On-Line. W|th industry partnership and the
Department of Trade and Industry matching funding,
over 60 secondary schools have had access to the Internet
for over 18 months and the evidence shows, despite
problems with the technology, time, training, and costs,
that the bene¢ts have been considerable, particularly for
science and languages, and in increasing motivation
(Department for Education 1996). Most schools report
initial concerns from sta¡ about access to undesirable
content on the Internet but in almost all cases these
concerns were addressed as a result of measures taken by
the schools. Using the Internet is expensive for schools;
and Schools-On-Line is developing a model of public
and private sector partnership to open up opportunities
for young people.
] Special Educational Needs Co-ordinators. A project
managed by the National Council for Educational
Technology (NCET) enables over 300 special needs co-
ordinators in schools to communicate in a managed
discussion group on the Internet. Legislation requires
each school to nominate a coordinator and to deal with a
multitude of needs.The model could be adopted by other
agencies whose e¡ectiveness is constrained by the cost of
bringing people together and publishing guidance and
information.
] The Department for Education's Superhighways
Initiative. The National Council for Educational
Technology ismanaging the evaluation ofover20 projects,
many of which address the issues of community access
and equity of access. Evaluators are looking particularly at
equity issues including gender, special needs, and rural
and urban schools.
Policymeasures continue to be needed to reduce barriers to
accessing information networks and education services.
] Increasingaccess.Regulatorybodies seekto ensureuniversal
a¡ordable access to telecommunication services and
digital television. Discussions are underway to explore
how a universal service obligation might be extended to
education. Itmaybe that special initiatives and regulations
will apply at least to primary schools because their small
size means most are not able to meet the costs of even the
most basic connection to the `superhighway'. Many
schools have access to the Internet but evidence suggests
that the unpredictable and high costs of using the tele-
phone are proving a signi¢cant inhibitor to greater
uptake. In crude cost terms, the Internet is 12 times as
expensive as other resources for a class of 25 using the
Internet for ten minutes per group of three.
] Educating and training. Economic survival in the coming
years will depend on knowledge workers and their ability
to contribute and add value to the information society.
Any service which can be delivered over a screen and
computer can reach a world-wide market of tens of
millions; any site on the World W|deWeb is as accessible
as any other. Education, at least for some learners, has
always provided a passport to employment.Training and
support for teacherswho provide the education and train-
ing opportunities is a prerequisite.
] Changing attitudes. Schools can change attitudes to learn-
ing, other people, oneself, and technology. W|th careful
supervision, contracts of conduct and acceptable use poli-
cies, location of computers in public places such as
resource areas and libraries,mostworries about unwanted
content on the Internet can be allayed.
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involved in establishing a computer lab including Internet
connections, for example, have been estimated at US$
50,000 in Brazil, and this does not include the costs of
training and recurring expenses. Monthly expenditure
including telephone charges has been estimated to repre-
sent 20 per cent of the ¢xed costs (Barros1998 forthcom-
ing). The challenge for the education system in South
Africa is described in Box 4.4.
Education by correspondence has been common in
Australia and Europe since the beginning of this century,
butvarious forms ofdistance teaching reached developing
countries only afterWorldWar II (Laaser1998 forthcom-
ing). Many of these were based on radio programmes
supported by printed material. Later, distance teaching
institutions were established including:
] University of Nairobi Correspondence andMassMedia
Unit (1968)
] TanzanianNationalCorrespondence Institute (1970)
] Mauritius College on theAir (1972)
] FreeUniversity of Iran (1973)
] EverymanUniversity in Israel (1974)
] Allama Iqbal OpenUniversity in Pakistan (1974)
] Universidad Estatal aDistancia inCosta Rica (1977)
] UniversidadNacional Abierta inVenezuela (1977)
] Sukothai Thammathirat Open University in Thailand
(1978)
] ChinaCentral Radio andTVUniversity (1978)
] Andhra PradeshOpenUniversity in India (1982)
Asaresultofthehighcostof introducingcomputers andan
appropriate infrastructure throughout education institu-
tions indevelopingcountries, the introductionof distance
education continues to su¡er from limited access to the
necessary technologies and from the poor quality of tech-
nology.
By the mid-1990s, distance teaching institutions were
located in many industrialised countries as autonomous
institutions (for example, The Open University in the
United Kingdom, Fern-UniversitÌt in Germany) or as
departments of traditional education institutions.
Distance education systems are also emerging as networks
connecting a variety of education providers (for example,
National Technological University in the United States).
Distance education in the industrialised countries tends
to be a highly individualistic concept and, until recently,
has been based largely on printed texts.
By contrast, in Africa andLatin America, there is a much
greater emphasis on community learning and oral tradi-
tions. Group learning, face-to-face tutorials, and audio
or audiovisual information are very important. In many
developingcountries the educationsystemhasbeen inher-
ited from the colonial powers bringing centralised struc-
tures and rigidities that can limit participatory
approaches to learning. Distance education systems also
need continuous restructuring and adaptation to chan-
ging needs and this creates di¤culties for developing
countries where resources are scarce.
Box 4.4 - Education Management Information System in
South Africa
In South Africa aWhite Paper on Education has announced
the intention to create an Education Management
Information System (EMIS) linking all schools and provin-
cial education departments. The system will contain an
index of need which will provide a basis for allocation of
resources.The use of ICTs in schools, with the exception of
well-endowedprivate schools, isverylimited,butthe govern-
ment sees distance education, and media and technical
services as forces for socialparticipationandeconomic devel-
opment for all communities. Whereas the United States
penetration rate is 35 per cent for PCs in households, in
South Africa the rate is only 2.4 per cent. If the education
system does not take the lead many learners will simply not
gain access to information resources and learning opportu-
nities (Hodge and Miller 1998 forthcoming; Butcher and
Perold1996).
The global information infrastructure o¡ers newaccess to
external learning resources. Access to education networks
can enable students to participate in lectures with the
`best teachers'. In theory, oral communication and learn-
ing traditions can be emphasised via video-conferencing,
and group learning via computer conferencing and
e-mail. Access to the Internet provides one means of
connectingwith thesenewlearning resourcesbut it is rela-
tively costly for learners in many developing countries.
For instance, for a Russia/United States joint course
development project funded by foreign aid, a fee of US$
20 has been considered too high by the participants
(Laaser1998 forthcoming).
Donor countries often provide the model for distance
education in developing countries. For example, the
Open University in the United Kingdom provides a
model for similar institutions inmanycountries and terri-
tories including India, Pakistan, Thailand, Indonesia,
andHongKong.These institutions followan autonomous
centralised organisational pattern with some tutorial
services at local study centres. The two large Latin
American distance teaching universities in Costa Rica
and Venezuela were modelled after the European Open
Universities.These models are not necessarily responsive
to the needs of developing countries. In the context of
education,
TheCommonwealth is fast evolving into two camps: those who
need and hope to receive but are constantly frustrated; and
those who have and give - but what they give and how they
give is in£uenced primarily by their own trade and interna-
tional political interests and their determination to control
71
4 Education and lifelong learning
Box 4.5 - Centrali sed and decentrali sed network models in China
The use of networking facilities for education and research in
and between schools in China is the aim of the China
Education and Research Network Project (CERNET),
funded by the Chinese government. It involves a nation-
widebackbone, regional networks, andInternet connectivity.
From an organisational point of view, there are centralised
and decentralised structures. The planning of the project
and the implementation of the backbone are managed by the
Chinese State Education Commission whereas the manage-
ment and operational control of the regional networks are
decentralised. Once complete, CERNET will connect all
schools, other education and research institutions in China
and constitute the largest network of its kind in the world
(Byron andGagliardi1996).
TheChinaRadio andTVUniversitycovers awide areadue to
its use of satellite andTVbroadcast stations, complemented
by video and audio tapes, to train primary and secondary
teachers. Participation rates are high, but estimates of the
number of drop-outs are equally high.The necessary infra-
structure of local TV stations and study centres is provided
by local governments.Due to public ownership of the broad-
casting medium, few constraints are imposed on the
quantityofair timebutthere is roomfor improvement regard-
ing the teaching methods employed in the transmitted
programmes (Laaser1998 forthcoming).
Box 4.6 - Public and private sector collaboration in Costa Rica
The use of ICTs in the education sector in Costa Rica can
claim to have achieved partial success. Initiated during the
late 1980s by the government, the Educational Telecom-
munications Network of Costa Rica (STNCR) was estab-
lished through a collaboration between public and private
sector institutions contributing computing equipment,
infrastructure, and extensive teacher training. Targeted at
public primary schools in rural areas, the aimwas to create a
student-centred learning environment, accomplished by
sta¡ training and collaboration at all levels. Contrasting with
this approach is the use of ICTs in private primary schools
where computers are treated simply as another medium for
acquiringknowledge.To some extent, social con£ict is antici-
pated between students from these di¡erent learning
environments.
Despite a favourable ICT infrastructure with Internet access
at universities, ICTs have not yet been integrated into curri-
cula and learning processes at the higher education level.
Network connections and infrastructure improvements
originated in the scienti¢c community.The digital network,
CRNet, now links the academic research community as well
as some government and private sector institutions (Flores
1996).
their own funds. For the present and as far as I can see into the
future, Commonwealth Co-operation if not an outright
shame, is an undernourished and sickly infant and I join with
those who predict perhaps irreparable damage to the
Commonwealth connection (Christodolou1992: 29).
There are numerous examples of coordinated interna-
tional education programmes, but there has been little
cooperation at national or regional levels in developing
countries.Lessonshavebegun to emerge from the experi-
ences of distance education in developing countries.
Projects should mainly support ongoing national projects
andcooperation should lead to administrative and organi-
sational support for an extended period rather than one-
o¡ translations of course materials. Projects should train
local sta¡ to develop their own teaching materials to
address local education needs and be related to labour
market demand. They should emphasise self-organised
group learning and respect cultural patterns of learning
which foster cooperation and specialisation among local
distance learning institutions as well as cooperation with
local conventional institutions. Low cost technology
approaches such as audiocassettes and print media
should be used in addition to the most advanced techno-
logies.Themassmediamayprovide support andpublicity
for new programmes as well a tool for learning (Laaser
1998 forthcoming). The alternative models for imple-
menting new programmes and the use of the mass media
to broaden the reach of education programmes is illu-
strated in the case ofChina (see Box 4.5).
In the 1990s there have been major initiatives to extend
distance education in the higher education sector.V|sions
of the`global classroom'with opportunities for all learners
are gaining currency in the press and in£uencing policy-
makers in some developing countries. For example, the
University of the World is an initiative in the United
States which seeks to exploit economies of scale to
provide a global production centre for tele-education
products.
... in the lightof the tremendous needs forboth thedevelopedand
the developing world, tele-education may be the only means
for long-term human survival ... From a management view-
point, creating one or even two global production centres for
tele-education to serve theentireworldwould behighly e¤cient
and desirable, especially distribution, billing, scheduling and
marketing (Pelton1991: 3, 8).
Until very recently, distance education institutions were
the only institutions experimenting with ICTs. However,
distance and traditional education institutions, pressured
by budget constraints and incentives to change, are both
experimenting with ICTs. Some aspects of the learning
experience in both conventional and `virtual' learning
environments are likely to continue to need to be
supported by face-to-face activities if they are to be
successful. If ICTs are to be e¡ective, transformative tools
for development, they cannot simply be appended to
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schools. InCostaRica andChile, for example, e¡orts have
been made to integrate ICTapplications and to provide
the necessary training (see Boxes 4.6 and 4.7).
T|mely and competent partnerships are needed among
educators, corporations, researchers, and politicians at
national, regional, and global levels to support changes in
education.The responses of education systems to people's
learning needs and the use of ICTs have not been nearly
as creative as they will need to be. Some observers fear
that formal education is losing its ability to enable the
development of the specialised human resources that will
beneededor to supplythewholepopulationwith the intel-
lectual skills to be able to operate in knowledge intensive
societies (Bastos1998 forthcoming).
Preparingtheyoungandre-adaptingtheadultpopulationwith
quality knowledge and skills for a ful¢lling and productive life
in this new reality, and o¡ering the young and the adults the
opportunities for continuous learning are the biggest challenges
to be faced by education systems all over the world (Bastos
1998 forthcoming).
Global partnerships are evolving rapidly in a bid to meet
these challenges.They can help education institutions to
become better equipped to handle education needs, but
they also bring potential dangers of cultural domination
and local irrelevance.This may be avoided by the careful
selection of partners and through international coopera-
tion in setting up criteria to be met by international deliv-
ery of education programmes. Some observers argue that
the trend is not towards the globalisation of cultures; it is
in the direction of ethnic and cultural identity and the
protection of national cultures (T|¤n and Rajasingham
1995).The skills required of managers, professionals, and
workers include abstraction, problem-solving, systems
thinking, and experimentation - together with adaptabil-
ity, £exibility, and the ability to manage complexity, and
towork as part of a team.To acquire these skills, learning-
to-learn is the most basic skill that must be developed.
Unfortunately, many of the networks that exist today in
support of education and learning, support only one-way
communication as in the case of the Latin American
experience in Box 4.8. In addition, some programmes
o¡er little or no opportunity for interaction during the
learning process although there are many variations.
Even if these shortcomings could be overcome, the costs
of maintaining communication links are a substantial
burden for many education institutions in developing
countries.The content andorganisation ofdistance learn-
ing programmes need careful consideration to ensure
that they do not reproduce the traditional education
models which are themselves becoming in£exible and
unresponsive to the needs of learners in the industrialised
countries. Many of the new initiatives concentrate on
high level teachingandresearch.Theseneedtobe comple-
mentedby initiatives that address literacyacross thepopu-
lations in developing countries where, particularly in the
least developed, literacy rates are very low as compared to
over 90 per cent in the industrialised countries, the
newly industrialising countries of Asia, and some of the
economies in transition (see Chapter 2).
Box 4.7 - Networks for education in Chile
The Link Project (Proyecto Enlaces) in Chile connects
teachers of basic and secondary education to improve their
teaching methods and to encourage collaborative projects
between schools. Apart from the necessary equipment for
electronic communication, and educational software, the
teachers receive training in person and through self-study
material. Run as a collaboration between the Ministry of
Education and universities, the secondary education project
also accommodates educational computing centres to assist
with planning, support, and training in schools connected to
the network (Byron and Gagliardi 1996; Institute on
Governance1996).
Box 4.8 - Inter-America distance education
In Latin America, CREAD, the consortium of distance
education throughout the Americas, has a mission to
develop inter-American distance education through inter-
institutional cooperation, resource sharing andpartnerships.
CREAD runs an electronic discussion forum called the
Latin American and Caribbean Electronic Distance
Education Forum (<CREAD@YORKU.CA>) (Bourdeau et
al. 1996). A spontaneous initiative, QuipuNet, was estab-
lished for Peruvians linking them to nationals located
outside the country.The result is a `virtual campus' which is
run as a non-pro¢t corporation registered in Washington
State in the United States and whose member contributors
are volunteers.
Classroom-based teaching in primary schools relying on
radio programmes is in place in Nicaragua, Honduras,
Bolivia, Costa Rica, and Ecuador. The model used in
Mexico, the Dominican Republic, Colombia, and Argentina
is closer to distance education where participants have no
traditional education and meet in homes, community
centres or schools in addition to listening to the radio
programmes. The limitations of the programmes are the
¢xed listening hours and restricted interaction due to the
one-way communication of the radio programme (Laaser
1998 forthcoming). The Brazilian Telecurso 2000 distance
education programme relies on television and video equip-
ment to reach its audience. This is complemented by
printed materials and personal tuition. Employees who lack
formal education are targeted. Implementation and funding
of Telecurso 2000 are provided by a partnership between the
FIESP,a regional industryfederation,andtheFRM,an insti-
tution for social and educational projects (Azevedo de Paula
Guibert1998 forthcoming).
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Some observers fear thatdevelopingcountrieswill have to
discover uses for the latest educational gadgets that the
industrialised countries want to sell. `I have a bridge,
where is the river', said an engineer visiting a developing
country in the past (Murphy 1993). Today, the engineer
is often replaced by the telecommunication network
operator, the satellite company representative, or the
computer manufacturer who is looking for a market in
overcrowded and inadequate schools. In order to avoid
this scenario, developing countries need to decide when
to introduce and where to place the new `electronic
bridges' (Theobald 1996). ICT applications must
respond to local needs and development goals.
Although there are risks involved in using the global
information infrastructure to access education materials,
the risks of not doing so are high. In the industrialised
countries, and particularly in the United States, the
education sector is one of the fastest growing employers
(Freeman and Soete 1994). If developing countries can
acquire the software and related skills to produce software
education products that are responsive to their local
needs, they may substitute imported training packages
with domestic products over time. The costs associated
with this strategy are high in terms of training and skills,
but the long term results could be signi¢cant. In addition,
theremaybe opportunities for the customisation of train-
ing materials that are produced for other markets in the
same region.
4.5 Implications of ICTs for higher education
and training curricula
Knowledge accumulation and the accumulation of skills
for using ICTs will occur increasingly outside the tradi-
tional institutions of formal education. Learning in the
workplace, and through collaborations that sometimes
span the globe and at other times involve tightly knit
local communities with similar interests, will become
more common. Institutions of formal education, and
especially higher education, will continue to play an
important role. However, unless these institutions are
closely linked to new ICT strategies, they are likely to
slow down, rather than assist in, the task of building the
new capabilities for `knowledge societies'. The challenge
for the formal education sector is especially great because
of the uncertainty about what speci¢c skills and training
will prove to be necessary when ICTs di¡use more widely
within developing countries.
4
ICTs are one of the most pervasive technologies in the
world, second only to `human intelligence' or the human
brain. ICTs can apply to almost anything: any product,
process, systemororganisational feature, froman applica-
tion or development point of view.There is a theoretical
andconceptualdimensionaswell as the information trans-
mission characteristic, to be considered. ICTs are super-
seded by the human brain only in one sense - in terms of
intelligence or creativity. Even this may be removed if the
¢eld of arti¢cial intelligence develops as some proponents
forecast.The speciality of human information processing
(which through pattern-recognition leads to perception)
is being toppled by innovations in relation to automatic
visual-scanning, voice keys and speech recognition. For
example, it has been claimed that before the year 2000,
the limitedword-set atpresentcapableofautomatic recog-
nition will be extended to full vocabulary range. If that
stage of automatic speech recognition is achieved, a new
era of computer mediated communication would be
revealed. If it is assumed that wide di¡usion of ICTs will
occur and that developingcountrieswill possess extensive
and well-functioning higher education sectors, then
there is a need to considerwhat kinds of skills and training
will be essential.
AsICTsbecomemorewidelyavailable indevelopingcoun-
tries, there will be a need for a range of associated skills
and training necessary to utilise, di¡use, maintain, and
bene¢t from them.This has implications for managerial
and administrative sta¡ in higher education, and espe-
cially for those responsible for organising courses and
planning curricula, for teaching and research faculty, for
the students themselves, and for the wider support and
maintenance sta¡(relatingboth tohardwareandsoftware).
Any taxonomy of skills and training needs must take into
account the di¡erent types of equipment, for example,
computational, data-transmission, word processing,
audiovisual, database and related networking facilities.
ICTequipment and facilities may range from a telephone
to the most advanced satellite communication system
coupled with local computational power. This may be
supplemented by regional university networks and data-
bases.
There is an enormous range ofskills (andassociated train-
ing)which is relevant to e¡ective use of ICTs.The starting
point with respect to existing skills is very important. For
example, India has considerable software training exper-
tise and Brazil has strong infrastructure capabilities.
South Africa has quite substantial private sector and
public sector (research councils and certain universities)
capabilities already in place in comparison to several less
developed African or Latin American countries. Cultural
as well as technical capabilities must be considered in
assessing education needs.
Despite the very great di¡erences in conditions in the
higher education sectors in the developing countries,
there are several general observations that can be made
about the requirements of students in the formal educa-
tion sector.
] At undergraduate level, students mustbe able to usePCs
and mainframe facilities, and understand databases and
networking requirements. Engineering and science
students will require more specialised simulation,
experimental, and computational skills, and some will
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require more intimate knowledge of software program-
ming. Arts and humanity students may require less
specialised skills but they will need to be able to utilise
standard packages.
] At the postgraduate level, many of the skills/training
programmes that are implicit or indicated in the above
need to be extended.
] If it is assumed that the international language will be
either English or French, then subsidiary linguistic
instruction may be needed, depending upon the
language dominance of a particular culture.
] All of the above may require speci¢c training of teaching
faculty depending upon local conditions and facilities
in the higher education sector. Whether or not this is
undertaken in the home country or abroad is often a
controversial issue relating, in part, to the desired rate
of indigenous capability development. It is also related
to the capabilities which exist locally to provide such
training.
] Various forms of inter-university linkages generally are
needed leading to the utilisation of centralised databases
and international networking.This generates a need for
awhole range ofsystemsmanagement skills and training.
] Cutting across all of the above are various programming
and software skills, andmaintenance and systems updat-
ing skills, creating a demand for more limited, specia-
lised individual training.
] Many professionals require specialised training (for
example, in the health, social services, government
services, transport, accountancy, and agriculture
sectors).The skillsbase requiredformost arts andhuma-
nities students is likely to be of a general, more universal
nature,buttherewillbe agrowingneedfor computerised
skills and training, database use and modi¢cation, for
these students as well.
Manyof the same skills are needed for students participat-
ing in distance learning schemes in order to use packaged
ICT information supplement systems. Training is also
needed in the informal education sector. As Christopher
Freeman and Luc Soete have argued the balance between
specialised skills and generic learning skills is di¤cult to
achieve.They suggest that the latter have greater enabling
potential.
The inherent contradiction in education is onebetweena broad-
ening of the knowledge base with the aim of keeping learning
options open as long as possible and specialisation with the
acquisition of particular technical skills. While the latter are
generally speaking an integral part of professional or occupa-
tional ``skills'', their introduction in education requires a much
closer interaction with the labour market. W|thout this, the
acquisition of such technical specialised skills can sometimes
amount to investment in ``evaporating wealth''. Generalised
learning, information and communication skills have a more
enduring value, enabling individuals to adapt to changing
patters of demand (Freeman andSoete1994:156).
Whatever balance is selected, the functions and modes of
teaching and learning also need to be considered. Figure
1 suggests that there are ¢ve basic functions or modes of
using ICTresources. Each of these is associated with its
own skills and training requirements.
The relationship between the function and mode of ICT
use depends on the sophistication of the equipment
used. For example, in the support mode, technology is
used to increase accuracy and enhance presentation of
work (including word processing packages, computer
aided-design, and desk-top publishing), while in the
exploration and control mode, the student is able to
explore, examine, experiment with and build situations,
for example, simulation, databases, expert systems, and
statistical analysis packages. In the tutorial mode, inform-
ation is presented at an appropriate level,pacedwith feed-
back (useful for maths, science, and literacy), while in the
resource mode, ICTs can be used to access information
and other resources (for example, Internet or o¡-line
CD-ROMs). The link mode is present when ICTs are
used for communication between individuals (electronic
mail, video-conferencing, etc.) (Australian Computer
Society and the Australian Council for Computers in
Education1996).
Manyof the changesneeded in thehighereducation sector
could be undertaken in a piecemeal fashion. However,
this would be wasteful and would involve considerable
`re-inventing of the wheel'. Overly `top-down'
programmes of change are rigid and unresponsive to
local needs (within a particular country), but national
programmes can be instituted to good e¡ect because they
can enable coordination and sharing of experiences. An
overall systems requirement for restructuring the formal
education sector indevelopingcountries to take advantage
of ICTs is the setting up of appropriate coordinating
bodies and training for thosewith responsibility for devel-
oping and implementing new strategies. This requires
that people develop the managerial, strategic, and wide
analytic skills encompassing a national and international
dimension, and that there is both public and private
sector input.
Support
mode
Exploration
and control
Range of sophistication of IT equipment
(demands fuller skills,training, etc.)
Tutorial
mode
Resource
mode
Link
mode
Figure 4.1 - Skills and training modes
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4.6 Building broadly-based capabilities for
participating in civil society
The capabilities for participating in all aspects of civil
society are changing with the di¡usion of ICTs. A
growing amount of interaction with ICTs is becoming
characteristic of the way that governments provide
information and services for the public. Countries in the
industrialised world are ¢nding that the initial use of
ICTs to provide timely and relevant public information
services leads to a growing interest on the part of citizens
in government information.There are also many debates
about the extent to which the growing use of ICTs is
leading to more `direct' electronic interaction with public
authorities (Bellamy et al.1996). For example,
... PERICLESNETWORKdevelopers and supporters argue
that it is feasible to realise a system for regaining the immediacy
that present ``Democracy''lacks. It is possible to develop and
implement a system which will allow the citizen an active and
frequentparticipationonmostmatterswhicha¡ect community,
region, national or European Community life and policy
making (Kambourakis andNottas1996: 2).
In the industrialised countries there is increasing debate
aboutwhatkindofdemocracy is emerging. In the develop-
ing countries, and particularly in the newly industrialised
countries where access to networks is rapidly becoming
more widely di¡used, there are a growing number of
experimentswith ICTapplications to support governance
activities. Many of these initiatives involve partnerships
with the private sector and, in the least developed coun-
tries, the role of non-governmental organisations is
growing in importance.
The applicationofICTs is regardedas awayto enhance the
development capabilities of countries by strengthening
theirgovernance systems.Initiatives arebeingundertaken
world-wide to encourage more open government, to
support local community initiatives, and to encourage
greater e¤ciency in the provision of public services
(Institute onGovernance1996) (see Box 4.9).
In Europe the view that the Information Society will o¡er
new fora for public opinion formation and expression is
gaining popularity. The organisation of interest groups
and lobbying organisations is already bene¢ting as new
electronic fora are opened through which citizens and
interest groups can participate in decision-making
processes (Arterton 1987). During a 1996 European
Information Society Forum meeting it was observed that
`the information society is bringing about an enrichment
of democratic life by giving citizens a new support for
free expression and discussion of ideas.These new public
spaces have no spatial limits (the `global village') as do
traditional fora such as public halls, churches or the
market place' (EuropeanCommission1996a: 6).
Similar developments are occurring in the developing
countries. For example, the Tampines Web Town in
Singapore encourages interaction between community
members through the use of electronic networking facil-
ities. Both the infrastructure and Tampines Web Town
are funded by the government. The technical features
include e-mail, a website, on-line booking of facilities
and on-line chatting, and news groups. They also give
community members access to political leaders and to
information not generally easily available (Institute on
Governance1996).
ICTs are facilitating the rise of many new internationally
operating interest groups as well. Some observers in the
industrialised countries envisage a world divided
between a minority which is connected to the global
information infrastructure (some 900 million out of 5.3
billion) and a majority which is not (Stanbury1995). ICTs
reduce the costs of ¢nding people with similar interests
over wide geographic areas, communicating of large
volumes of text, acquiring information, alerting constitu-
ents to a threat or opportunity, and raising funds. Highly
specialised interest groups can organise and participate
in the political arena. However, the skills necessary to
create and engage with the emerging global interest
groups reside mainly among the existing policy and
economic elite. It is unclear whether the in£uence of
these groups will grow because their increasing numbers
may lead to greater competition among them and, there-
fore, to their declining in£uence on decision-making
(Stanbury1995).
The divergent views about the impact of ICTs on demo-
cratic processes and governance parallel controversies
about the social and economic implications in other
areas. As advanced ICTs have become more popular, high
expectations about their potential bene¢ts for society are
being generated just as they were in the case of the tele-
graph in the 19
th
century and broadcasting in the 20
th
century. The expectations are that the new technologies
will enable changes in existing ways of organising society
with a qualitative improvement.The application of ICTs
can make horizontal, interactive communication pro-
cesses possible and there is an enormous amount of
discussion about how this will empower people (van de
Donk et al. 1995).The debate oscillates between the opti-
mistic view that ICTs will bring the Greek Agora back to
life and the pessimistic view that George Orwell's fantasy
about the complete, although subtle, control of society is
¢nally coming alive.
This debate is largely restricted to the western industria-
lised countries and there is little research on this topic in
the developing countries. Nevertheless, the potential of
ICTs for democracy in developing countries is being
assumed implicitly. It is expected that investment in a
good communication system and ICT applications will
contribute tothedevelopmentprocess anda`leapfrogging'
toward greater democracy. For example, during the G7
meeting in South Africa in 1996, the debates about the
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impact of the Internet referred frequently to a democratic
South Africa, the country which scored the highest of all
developing countries in Internet connectivity. However,
this high degree of connectivity is the result of the sophis-
ticated and relatively accessible telephone system for city
dwellers and the white population. South Africa also
built a strong backbone connecting most remote (white)
areas of the country. In the `new South Africa' there are
concerns that liberalisation of the telecommunication
industry will favour the urban regions and the a¥uent
users. Of the Internet users in South Africa, 97 per cent
still come from the a¥uent part of its society (Naidoo
1996) and the vast majority of the population has no
access tothe telephone.Forsome40percentofthepopula-
tion (the unemployed), telephone bills simply are not
a¡ordable.
This realitymeans that inorder to improvedemocracyand
empower people, the physical telecommunication
network must be reasonably available and a¡ordable in
terms of time and money. For example, one province in
South Africa is introducing a `one-stop-shop' concept
where basic development information, statistics, and
transactions relevant to citizens are being computerised
and made accessible via kiosks and terminals located in
communities (Hodge andMiller1998 forthcoming).
Whatdrives theuse of ICTs in the industrialisedcountries
will not necessarily hold for developing countries.
Bulletin board services, the World W|de Web, news
groups, and the other forms of electronic communication
the use ofwhichhas inspired scholars in the industrialised
countries to forecast radical changes in democracy has
one thing in common: all these modes of communication
are text-based and require a high degree of literacy.Given
the high rates of illiteracy in the developing countries,
improving governance systems using ICTs in these coun-
tries is likely to require a very di¡erent approach. As a
representative of a South African non-governmental
organisation expressed it,`how is it possible to explain the
mechanisms of a PC to people who can hardly read and
don't even understand the principles of electricity due to
its non-availability'.
5
In some developing countries there is little of the inform-
ation society `hype' that is present in the industrialised
countries and there is little or no `culture' of ICTs.
Education in the broadest sense has an enormous role to
play here and the socio-cultural aspects cannot be
neglected. In most developing countries the culture of
individualistic use of communication technologies is
absent because, for example, it runs against the culture of
the power of the extended family.The predominant view
in the industrialised countries about democratisation
and ICTs, that is, de¢ned mainly in terms of how can I
serve my interests better while sitting at my desktop, is
not likely to be appropriate for people in some developing
countries.
The assumption thatmore Internet use necessarily equals
more democracy is a potentially misguided one. A
perfectly wired society could be an autocratic society.The
di¤culties the media have in some developing countries
with `freedom of expression' suggest that governments
may be unwilling to `open up' to provide more `open
Box 4.9 - ICTs for governance
ICTs and open government -The Canadian and United States
governments have embarked upon plans to ensure that a
wide variety of government documents and other material
are available through electronicmeans.These types of initia-
tives raise legal and structural concerns. Transparent
governance is not usually a legal requirement, and may be
considered undesirable by some governments. Parameters
should be de¢ned about what types of documents are to be
made public and at what point in the legislative process it is
deemed appropriate to make them available (Institute on
Governance 1996).While many governments of industria-
lised countries are developing home pages and elaborate
sites on the World W|de Web (Kluzer and Farinelli 1997),
few governments in developing countries have the capacity
to disseminate information and documentation electroni-
cally.
ICTs and community networking - Community networking is
an application that holds promise for linking ICTs to govern-
ance. A community network is a local computer-based
system that allows people, and groups within a community,
to share information, knowledge, and experience. These
applications include systems ranging from the huge
Freenets of North America (with user populations counted
in the tens of thousands) to the `telecottages' being developed
in many parts of Asia and Africa. Community networks
often feature public access points in locations such as
schools, libraries, community centres, or churches allowing
anyone to use the system (Institute onGovernance1996).
Government e¤ciency and economic bene¢ts of ICTs -
Governance is a highly information-intensive and expensive
activity. ICTs are being seen as o¡ering an e¤cient way of
cutting the costs associatedwith generating and disseminat-
ing this information. In Brazil and Morocco attempts have
been made to use ICTs to contribute to e¤ciency.Morocco's
Public Administration Support Project uses ICTs to
enhance the e¤ciency of its Ministries of Finance and
Planning by supporting tax administration, auditing, public
investment planning, and monitoring, using computers and
computermodelling to assistwith expendituremanagement,
resource allocation, and collaboration between di¡erent
ministries involved in economic management. Since the
project began in 1989, the time required to prepare the
budget is estimated to have been halved. Similar uses of
ICTs have been documented in a wide variety of countries,
including Colombia, the Philippines, India, Egypt, and
Chile (Institute onGovernance1996).
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government'. Making government more responsive to
citizens by introducing ICTapplications involves chan-
ging ways of governing and major changes in the political
culture. ICTsmayhave the potential for building horizon-
tal links in vertically organised political processes, but
this is no guarantee that more democratic processes will
emerge. ICTs alone cannot make governments more e¤-
cient or empower people; political will and vision are
needed to change government styles in ways that will
empower people. There is no single clearinghouse in
which the e¡orts of people working with the problems
andopportunities relatingtotheuseofICTs in the govern-
ance process can be compared.
6
Coordinated e¡orts at
the administrative and national policy-making levels are
needed if changes in the governance processes are to be
implemented.
There is a need for coordinated initiatives that linkpeople
together in new ways to address development problems.
For example, the Worldview International Foundation,
established in 1980, has consultative status with the
United Nations Economic and Social Council
(ECOSOC) and the United Nations Educational,
Scienti¢c andCultural Organisation (UNESCO). It is an
independent, non-pro¢t service organisation which
focuses on participatory communication for democracy
and sustainable development (Worldview 1997). Its goals
are to use new communication technologies and
methods in support of the environment and sustainable
development via grassroots projects and networking.
Training and education are central to the programme
which operates a network of Media Centres in Asia,
Africa and the Middle East. It claims to reach 10 million
people and hopes to expand this to 100 million over the
next15 years. Projects focus on basic needs such as health
and nutrition, the environment, population concerns,
AIDS prevention, empowerment of women, child survi-
val, crop replacement, and community development, and
are located in 12 countries. The fundamental aim of the
organisation is to support human rights, freedom of
expression, and democracy activities.
NGOs have come increasingly to the fore in the last
decade, particularly those which campaign, lobby, and
deliver research and education around social justice and
environmental issues.These organisations are beginning
to give attention to how ICTsmight be used to strengthen
democratic decision-making in the developing countries.
Their roles have increased dramatically not only in major
fora suchas internationalconferences,but also in activities
that challenge the actions of public and commercial insti-
tutions, such as campaigns aimed at bringing pressure on
the corporate sector and public multilateral institutions.
At the same time, both large and small NGOs work
across an ever-broader spectrum of community-based
initiatives.These range from support for the community
visioning and planning processes envisaged by Local
Agenda 21 following the Earth Summit, to the
development and promotion of innovative initiatives in
areas such as social enterprises, local currencies, and
community-based banking, through to large-scale social
service provision resulting from the withdrawal of state
activities in the delivery of public services and `develop-
ment aid'.
NGOshave developed rapidly tomeet these new roles and
challenges.Theyhave grown in size, becomemore profes-
sional, and, in many cases, moved entirely away from
their original, voluntary roots towards a fully professional
institutional base. At a time when many mainstream
education institutions are in varying states of decay, more
and more NGOs are building research capacity that
combines action-research with more formal academic-
style and quality work. Non-pro¢t, civil institutions have
always existed in all countries representing key groups in
order to bring particular issues to the public notice.What
has changed is that NGOs are doing work that is now
seen as an integral part of the formal process of societal
governance. It is increasingly unthinkable that a major
piece of legislation could be passed in many developing
countries without it being seen that `consultation with
theNGOs' had taken place. In some countriesNGOs are
seen as the most important actors for securing social
justice and ensuring that responses to environmental
vandalism are put in place.Their role in linking commu-
nities ofICTusers is also growing in importance especially
as new coalitions come to the fore and build partnerships.
Thecommercial sector,particularlythe large-scale corpo-
rate sector, is assumed to have a major role in moulding
societies at local, national, and international levels.
However, there is growing concern over the degree of
power thatthe corporate sectorhas andthegrowing inabil-
ity or unwillingness of the public sector to mediate
much-needed new social contracts. NGOs are seen as
having a key role in mediating such new social contracts.
They are well-positioned to mediate in decisions about
the introduction and use of ICTs because of their ability
to mobilise citizens through consumer action. NGOs are
contributing to the process of reinventing the `welfare
state', o¡ering insights into innovative ways of using ICTs
to mobilise action, and playing an integral part in
constructing the `knowledge societies' in the developing
world.
4.7 Conclusion - ICTs contributing to social
inclusion
How ICTs can be most e¡ective will depend upon the
context in each developing country. Access to ICT-based
education and training is only part of the challenge.The
new ICT-based systems need to be maintained and the
gaps between pedagogy and technology will need to be
bridged (Patel 1997; Hall 1987).The content and styles of
learning embedded in ICT-based learning resources are
as important as investment in infrastructure (telecommu-
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nications and computing). The usefulness of ICTs in
education is evident in overcoming obstacles such as
geographic remoteness and scarcity of teachers. But there
aremajor problems associatedwith ICTuse in developing
countries. Cost is an inhibiting factor in terms of the
expense ofhardwareandsoftware,maintenance,and infra-
structure costs, including electricity (see Box 4.10) to
support new knowledge networks.
Con£icting agendawith regard to the content of education
curriculamayarise as a resultofprivate sector involvement
in compiling software and multimedia-based teaching
tools. In developing countries there are also concerns
about the cultural and linguistic dominance of the
Western, English-speaking world on the Internet and in
the content of available teaching material. Collaboration
between education professionals and commercial organi-
sations producing content particularly for distance learn-
ing needs to be carefully managed to ensure that
standards are not compromised by pro¢t-seeking ambi-
tions, and that content is customised to local needs.
Thepro¢ciencyof teachers inusingICTsto enable themto
integrate ICT-based content e¡ectively into the curricula
is an essential consideration. The large investment in
terms of capital, time, and research that is needed to
achieve this often clashes with the basic requirement of
ensuring an adequately equipped teaching sta¡. The
steep learning curve for incorporating ICTs e¡ectively in
the education systemhas implications for theway teachers
perceive the technology. The introduction of ICTs into
their professional environment may be seen as a threat to
their status, and the time and e¡ort demanded in addition
totheirusualprofessionalcommitments,maybeunaccep-
table.The lack of technical expertise in most developing
countries is constraining successful implementation of
ICTs in education. Both education policy-makers and
professionals lack the information necessary both for
informeddecision-makingandfordealingwith thepracti-
calities of implementation.
The issue of gender as it pertains to the use of ICTs in
education has hardly been touched upon in developing
countries (Byron and Gagliardi 1996). However, di¡er-
ences have been observed with regard to the amount of
time spent by boys and girls using computers.These may
be attributed to the `male dominated' image of the techno-
logy leading to a reluctance on the part of girls. Issues of
access to computing facilities seem to play a role, particu-
larly in the home environment which is more likely to be
dominated by male ownership of the equipment.The use
of ICTs by girls has been described as goal-oriented as
compared to the process-oriented approach of boys.
Integrating ICTs into all aspects of education rather than
restricting the curricula to teaching computing skills may
alleviate these gender di¡erences and help to overcome
access barriers and the reluctance of learners to use the
advanced applications.
Overall, studies of the role of ICTin the educationprocess
point to the critical importance of the quality of skills and
inequality of access to applications.Two additional issues
are important for the design of training and education
programmes relevant to people's needs in developing
countries (Hodge and Miller 1998 forthcoming): quality
of skills (that is, the match of the informal and formal
education system with the demand for short and long
term capabilities); and the mode of learning (that is,
£exibility encouraged by all the institutions of education
and training).
Box 4.10 -The infrastructure costs of education
Electricity is needed for many of the technologies which can
be used to enhance teaching and learning. There are 16,400
schools in South Africa that will not be su¤ciently close to
an electrical grid point to be economically connected to the
electricity supply. They are being connected to solar-panel
generated electricity which is su¤cient to supply lighting
for four hours per evening. In addition, 220 VAC power is
being provided to run a television/video and an overhead
projector for twohoursperday,aswell as apersonal computer
for some hours.The cost per school is R56,000 and by 1999
all such schools are expected to have electricity to enhance
their teaching and learning (Department of Education1996:
40).
Broadly-based skills development is the foundation of
`knowledge societies'. Skills development in the work-
place, via formal education, or through local community
action, is essential if developing countries are to achieve
their goals. Formal education using ICTs is resulting in
the inclusionof increasingnumbers ofpeople in the devel-
oping countries and there are many successes. Although
they are more di¤cult to document, there are instances
of failures and concerns about the content of the new
teaching materials. The use of ICTs is likely to be more
successfulwhenit augments,rather thanreplaces, existing
locally developed education systems. The models intro-
duced in developing countries for distance education
need to be sensitive to cultural patterns. The `global' or
`virtual'classroom o¡ers new possibilities, but the impor-
tance of schools where people meet, socialise, and build
social networks should not be overlooked. Distance
learners will continue to need opportunities to meet in a
physical place as a necessary complement to ICT-based
exchanges.
There is a growing need to ensure that initiatives at all
levels of education and in generic and specialised ¢elds
are coordinated. Uncertainty about the future demand
for skills points to the need for continuous review and
updating of curricula. Policy-makers will need to take
every opportunity to encourage £exibility in institutions
that provide formal education and training. They will
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alsoneed topromote other institutions as sites of learning,
problem-solving, and knowledge creation.
Lifelong learningmeans that people must be able to move
into and out of formal education institutions at di¡erent
stages of their working lives. New forms of certi¢cation
and accreditation that are not based on hierarchies
among institutions of education (for example, higher
education, vocational training, etc.) will be necessary.
Newsystemsthat are responsive totheneeds ofeach devel-
oping country will need to be set up. If people are to
bene¢t from the opportunities created by ICTs to enable
greater empowerment and new forms of participation in
civil society, the organisation of governance systems will
need to become an issue for governments. If governments
are to become more responsive to citizens through their
use of ICTs, they will need to introduce major changes
into their ways of governing and into the political culture
in some countries. NGOs will play an increasing role in
helpingcitizens andbusinesses to extendtheir capabilities
for participating in `knowledge societies'. They are well-
positioned to contribute to the buildup of new knowledge
networks.
Chapter 5 looks more closely at the potential o¡ered by a
range of ICTapplications across sectors of the economy.
Chapter 6 focuses on the recent experiences of the least
developed countries and the implementation of ICTs.
These two chapters together illustrate in qualitative
terms the very wide gap that exists between the promise
of the new technologies and the necessary resources and
capabilities in the poorest countries.
Notes
1 For example, the National Development Programme in
Computer Assisted Learning (NDPCAL) in the United
Kingdom and the French experiment with minicomputers
in 58 secondary schools in the mid-1970s. See also
Hebenstreit (1992); Meyer and Berger (1996); European
Commission (1996 b,c).
2 The introduction of computers in schools in developing
countries occurred mainly in the mid-1980s either with the
government leadership (for example China, Singapore,
Sri Lanka) or stimulated by donations and initiative of
individuals (for example Zimbabwe, Kenya, Malawi,
Tunisia, Pakistan, Philippines) followed by government
support (India).
3 Quantitative information on the current level of computer
penetration in schools in the developing world is not
available. However, itcanbeestimatedthatpost-secondary
teaching institutions in most middle-income countries are
equipped with mainframes and terminals for limited access
by learners. Telecommunication links are a very recent
addition in post-secondary institutions. Networked appli-
cations aremovingdown the education systemand reaching
some secondary schools. In lower-income developing coun-
tries, many universities still do not have connectivity (as is
the case of the University of Zimbabwe and others), but in
some it is possible to develop school-to-school cooperative
projects in theUnitedStates,Canada orEuropewith coun-
terpart schools inLatinAmerica,EasternEuropeorAfrica.
4 The following sources give several hundred references in
relation to education policy, related technical change issues,
and developing country problems, see Bowden and
Blakeman (1990); Byron and Gagliardi (1996); and
Whiston (1992, 1994).
5 Burgelman, J.-C., personal communicationwith represen-
tative of a SouthAfricanNGO,1996.
6 For American views on the role of ICTs and governance see
Gilder (1994a);Mitchell (1995); Schuler (1996).
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5. The potential uses of ICTs for sustainable development
5.1 Introduction -The social and economic
impacts of ICTs
This chapter focuses on some of the ICTapplications that
are expected to assist developing countries to reap the
social and economic bene¢ts associated with extremely
rapid innovation in advanced ICT-based goods and
services. In the industrialised countries, there is a rapidly
growing literature on the potential of innovative ICT
applications and on the organisational, social, political,
and economic conditions that are likely to support their
e¡ective use.
1
This literature is playing an important role
in generating interest in the ICTrevolution. It is helping
to bring representatives of the policy, supplier, and user
communities together to discuss policy issues and to
seek new ways of capturing the potential social and
economic bene¢ts of ICTs.
In the developing countries, there is also a growing litera-
ture but it is more fragmented, and often restricted to
sector applications or to country speci¢c interests. It is
di¤cult for decision-makers in developing countries to
access systematic information about the potential applica-
tions that are being developed and implemented and to
consider how they could be applied to meet their own
development needs.
This chapter highlights some of the more advanced ICT
applications that are in the development phase. In some
cases, these are being implemented in the industrialised
countries and in some of thewealthier and larger develop-
ing countries.W|th appropriate policies and ICT strate-
gies these applications could become available to all
developing countries.To a limited extent, they are already
inuse to strengthen the prospects for sustainable develop-
ment.The review focuses on applications that are facilitat-
ing public and private services in public administration,
urban and rural development, and transport sectors
(section 5.2). Section 5.3 addresses the potential bene¢ts
of ICTs in improving the quality of life for citizens,
especially in thehealth,specialneeds,education, environ-
ment, and agriculture sectors. Section 5.4 turns to the
role of ICTs in improving access to public information.
ICT applications are transforming the business sector
and developments in this area are examined in the ¢elds
of manufacturing, electronic commerce, and the travel
and tourism industry, in section5.5.Section5.6 concludes
with an overview of the potential social and economic
impact of the new applications and considers the extent
to which this potential might be turned into a reality for
the developing countries.
5.2 Facilitating public and private sector
activities
Public administration
Public administrations areplaying a central role in thenew
`knowledge societies'.They provide a range of services to
citizens and industry, and engage in functions as diverse
as economic development, environmental monitoring,
and the provision of public information.
ICTs have considerable potential to cut administrative
costs through the reorganisation of internal administra-
tion and through alternative provision of services. Elec-
tronicdeliverypoints ofaccesswhichcanbemade available
from homes, schools, and libraries include audiotex,
voice and data information services, teletext and interac-
tive television services, fax, and state-provided terminals
(similar to the French Minitel system). Multimedia
customer-activated kiosks combine text, sound, video,
and graphics.These multimedia and multilingual service
delivery tools can be located in public places and provide
information to meet the particular needs of citizens
using video, audio or multiple languages. Kiosk access
cards, similar to those required for automated teller
machine access, control access to personal services. An
advance in this area is the use of smart cards for additional
functionality such as electronic fund transfer and state
bene¢ts. Remote areas can be served by cellular tele-
phones, satellite receivers, and laptop computers and the
range of bene¢ts potentially available to citizens include
social security, pensions, unemployment payments, and
public assistance. ICTs can constitute tools for citizen
involvement, soliciting feedback, and promoting private
sector partnerships indevelopment andtestingof delivery
mechanisms (Tang1997a).
The electronic availability of public information can be of
major assistance to small and medium-sized enterprises
(SMEs) in administrative procedures for export, import,
tax ¢lings, and business opportunities. So-called `one-
stop' government service kiosks can further increase e¤-
ciency of service for SMEs.The bene¢ts of these delivery
mechanisms include user-friendly interfaces and advice
for administrative procedures such as completing elec-
tronic forms; e¤ciency gains in claims processing time;
and reduced cost of operation compared to paper-based
systems.These services can be used in the prevention of
fraud and abuse provided that adequate securitymeasures
are built into the system. Government-wide directories
of government services and contact details facilitate citi-
zens'access to an organisation.
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Cooperation between government and the private sector
to implement ICTs to provide citizen access to govern-
ment information and services, such as the availability of
public information, stimulates interaction between busi-
ness and government. ICT applications can strengthen
regional cooperation and support information sharing
once interoperability of various information networks is
achieved. Copyright on public information needs to be
reconciled with the goals of information sharing and
dissemination.
Urban and rural development
ICT applications are supporting development pro-
grammes in many urban and rural areas in developing
countries. Databases and drawing facilities, simulation
and modelling tools, form integral decision-support
tools on which the planning, management, and develop-
ment process can be based.Diverse current and historical
data sets on health, education, water supplies, sanitation,
and population growth and movement can be captured,
collated, manipulated, and presented. Moreover, the
visualisation of real-world situations assists in the analysis
and identi¢cation of options such as land use plans for
rural areas, and infrastructure and utility plans for urban
areas.The comprehensive collectionandanalysis of seaso-
nal and diurnal population demands and of physical and
environmental factors in management information
systems are useful in establishing development priorities.
The successful implementation of these monitoring tools
requires considerable time and resource investment in
the data capture, complemented by sound training.
Economic development can be fostered by tele-working
and tele-services in some of the developing countries.
These applications can help to increase the competitive-
ness of rural and remote areas and tele-services in future
may provide opportunities for tele-shopping, on-line
reservation services, entertainment, and commercial
information.
Transport
In the transport sector, advanced transport telematics
(ATT) are being introduced to improve road safety, to
maximise road transport e¤ciency, and to contribute to
environmental problems of congestion, pollution, and
resource consumption. ATTs a¡ect vehicle and £eet
operations, tra¤c monitoring, control and enforcement,
safety, fee payment, and travel and tra¤c information.
Applications appropriate for all transport modes and
their interconnections, including road, air, rail, and
water, are being developed to create integrated transport
services through strengthened public-private partner-
ships. ATTs can measure the current level of tra¤c in
networks, prioritise public transportvehicles by adjusting
tra¤c signals, assess the level of congestion in real-time
and re-route vehicles by communicating with them.
Automatic vehicle location giving priority to public trans-
port vehicles by adjusting signal timings renders the level
of investment for the dissemination of these ATTs a
matter for transport policy and strategy.
Economic losses through tra¤c delays and accidents are
very costly and ICT applications are being developed
which can help to reduce the levels of accidents. On-
board vehicle control systems can assist a driver in hazar-
dousdriving situations.Thedevelopmentof electronically
guided autonomous vehicles is based on the principle
that if all vehicles are centrally controlled, the distances
between them can decrease and their speed can be in-
creased, resulting in less congestion and enforcing better
driving behaviour and e¤cient route selection. Only
small areas of landwouldbe required for the infrastructure
to host tra¤cmanagement centreswithwhich the vehicu-
lar guidance equipment communicates.
ATTs are expected to improve traveller support services,
enablingcitizens tomakebetterchoices for theirdaily jour-
neys by taking advantage of the seamless availability of
information across passenger transport modes (see
Figure5.1).Travellers coulduse portable personal traveller
assistants or access networks of multimedia-enhanced
public transport information terminals for timetable,
route, and service and ticket information. On-line avail-
abilityof real-time travel information relies on distributed
information management for tra¤c data acquisition and
its real-time processing. Smart cards o¡er travel services,
such as bookings and payment, to the traveller while
giving tra¤c network operators accurate information on
passenger £ows and routes chosen. In view of the conges-
tion and pollution caused by ever-increasing tra¤c
volumes, the scope for personalised travel using public
transport may eliminate the disadvantages of public rela-
tive to private transport, giving rise to signi¢cant
economic, environmental, and social bene¢ts
(Technology Foresight Panel onTransport1995).
There are a number of applications for smart cards in the
operation of transport, including payment for parking
meters, identi¢cation of authorised parking space occu-
pants, as well as recording and payment of travel along
toll roads. Furthermore, airline travel bene¢ts from
smart card-assisted ticket vending and checking, and
boarding public transport may be accelerated. Combi-
cards are advances on smart cards which allow both
contact and contactless card transactions, greatly increas-
ing the ¢elds of application of smart cards. Advances in
the multifunctionality of smart (or intelligent) cards
mean that functions can be changed or updated without
re-issuing the card (see Box 5.1).
Urbanfreighttransport is a¡ectedbychanges in the supply
chain as upstream relationshipswith suppliers and down-
stream relationships with customers are recon¢gured.
This results in requests for frequent deliveries. Flexible
responses to customer requirements and supply chain
interactions rely on sharing real-time information with
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suppliers. Relevant ATTs include and support the follow-
ing; £eet management tra¤c control systems, automobile
on-board computers, real-time travel and tra¤c inform-
ation, databases, and road management and logistics.
The envisaged improvements to freight operation are
expected to have positive gains in terms of e¤ciency and
environment protection, yet they also have implications
for mutual investment in hardware and software within
the supply chains.
Examples of ICTapplications for transport operations in
the developing countries include the following initiatives
undertaken by UNCTAD (1997). The Advanced Cargo
InformationSystem (ACIS), developed and implemented
by UNCTAD, provides information on transport opera-
tions concerning the whereabouts of goods to facilitate
day-to-day management and decision-making as well as
long term planning based on compiled statistics. In en-
abling operators in di¡erent regions to communicate, the
system facilitates inter-regional trade and increases the
e¤cient use of existing infrastructure and equipment
capacity. Apart from automating the services, the system
introduces advanced communication equipment to
operators in participating countries.
UNCTAD has also responded to the problem of loss of
revenue by developing countries arising from the lack of
e¤cient customs management and procedures by devel-
oping an Automated System for CustomsData (Asycuda)
andassistingwith its implementation.Apart from altering
customs procedures, the software allows trading formal-
ities to be simpli¢ed and harmonised. ICT applications
The Informed Traveller
Figure 5.1 -The development track to the informed traveller
Source: Buhalis (1995)
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arebeingusedtoenable electronicregistrationandtransfer
of the transport documents that accompany cargo ship-
ments.The software, which is installed in over 60 coun-
tries, consists of a number of pre-de¢ned modules and,
in addition, enables user-de¢nedmodules.
In India, funding provided by the United Nations
INTERACT initiative enabled the establishment of the
government-ownedComputerMaintenanceCorporation
(CMC). In the early stages, the company concentrated on
the assembly of imported computer components, and
maintenance and requirement speci¢cations for low end
manufacturing of components.W|th the combination of
technical knowledge and relevant experience gained from
operating in the private sector, CMCwas able to diversify
into software development and consultancy. It now
provides systems implementation and training for a
diverse range of complex computer systems world-wide
which have contributed substantially to the developing
world. In Singapore, the software costs for implementing
a computer-controlledair¢eld lighting systemwere recov-
ered within two years of its inception. Computerised
freight management in ports and handling of container
tra¤c in a number of industrialised anddeveloping coun-
tries also rely on CMC. Through automation of the
passenger reservations of Indian Railways which trans-
ports numbers equivalent to the population of Belgium
every day, the ticket-issuing procedure was reduced to a
matter of minutes per reservation - a process which
previously took several days (Narayan1997).
Barriers to intermodal tra¤c optimisation include the
high cost of the implementation of the technical and orga-
nisational infrastructure, and public acceptance.There is
also a strong need for harmonisation and coordination of
the technological components in this sector to avoid the
development of technological islands. Major challenges
are posed, ¢rstly, by the need for open sharing of service
information between competing transport operators and
other providers, and, secondly, the need to develop open
standards to ensure the shareability of information and
the interoperability of systems (Technology Foresight
PanelonTransport1995).Theactors involved in the imple-
mentation include public administrations, freight opera-
tors, public transport and commercial £eet operators
(buses, taxis, trucks, etc.), public organisations, computer
¢rms and software developers, travellers, tra¤c control-
lers, businesses, drivers, pilots, telecommunication
operators,local,regionalandnationalauthorities, airlines,
railways, shippers, and service providers.
5.3 Improving the quality of life for citizens
ICTapplications have the potential to improve the quality
of life for citizens in developing countries. A particular
focus is on the areas of basic human needs (health, educa-
tion, water, food) in the broader sectoral context of health
and special needs, education and lifelong learning, and
environment and agriculture.
Box 5.1 - Use of smart cards in public transport
Theworld's largest user of contactless smart card technology
is the Seoul Bus Union which represents 89 bus companies.
At total of 8,700 buses are using contactless smart card term-
inals, and about 1,700 card reloading stations have been
installed. By early January 1997 the number of contactless
bus cards issued in Seoul had already risen to 2.5 million
with approximately 2million transactions per day.
The fullyoperational systemhas alreadybeen extendedto the
surrounding Kyung Ki Province and the Korean island of
Cheju. Current plans and trials are intended to extend the
functionality of bus cards to Seoul subways, ID, access
control, retail and customer loyalty schemes, and an esti-
mated 10 million cards will be issued within the next 12
months (Frotschnig1997).
Health
In the health care ¢eld advances in medical science are
putting a strain on health care resources and the task of
managing these scarce resources continues to be a major
economic and ethical challenge. ICT applications are
supporting the more e¤cient exchange of information
between health professionals thus saving time and
money. They enable the transfer of patient records
between sites and help to improve the response of the
medical sta¡. ICTapplications can improve clinical e¡ec-
tiveness, continuity, and quality of care by the full range
of healthcare professionals.
The application of ICTs to provide medical care on
demand and independent of person-to-person contact is
referred to as tele-medicine. Tele-medicine can provide
medical care to people in their homes, in isolated places
or in times of emergency, and permits remote consulta-
tions betweenhealthprofessionals.Physician distribution
and access issues for medically underserved and geogra-
phically remote areas of thedevelopingworldmaybe over-
come by this way of extending the reach of specialists and
general physicians. The successful implementation of
tele-medicine is not only reliant on the availability of the
necessary technology but also upon the willingness and
ability of health care professionals to adopt ICTs.
Owing to the graphical and image-based nature of radio-
logy, this is an area where signi¢cant applications of ICTs
have been developed.Tele-radiology refers to the storage,
retrieval, and transmission of medical images. Apart
from overcoming geographical barriers to the access of
diagnostic images - such as an emergency, or situations
where the patient is far removed from the source of the
image- tele-radiologyalso incorporates the timereduction
and material saving characteristics generally attributed to
ICTs.Thus delays in patient treatment due to misplace-
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ment, retrieval, and delivery of medical images may be
eliminated.Tele-radiologyplaceshighdemandson techni-
cal aspects such as adaptability and interoperability of
implemented systems, complemented by comprehensive
user training.
At a technologically even more sophisticated level, the
combination of image processing, high performance
computing, object-oriented distributed computing, ad-
vanced networking, and multimedia can be employed for
advanced patient record systems.V|rtual patient records
may be created by combining information from geo-
graphically separate databases. Although individual
health care facilities own and manage their own data,
records can be made available to allow the integration of
multiple databases including lab reports and radiographic
data.The interface features of the virtual records include
multimedia presentations, 3D-volume reconstruction,
and visual navigation through complex data sets and
query-by-example search through image databases. The
advantage of such a patient record system is that it can
provide the local physician with relevant and extensive
quality information from distant specialists at low cost
(Los AlamosNational Laboratory1996).
Although the potential of all aspects of tele-medicine has
received much attention, the success of actual implemen-
tations has yet to be demonstrated on a large scale, even
in the industrialised world. So far, much research has
focused on the medical potential and the barriers to
successful implementation due to low actual utilisation of
telemedicine (Moore n.d.).
Expert systems which are designed to solve complex
problems in well-de¢ned domains are another means of
supporting health care services. The initial construction
of such medical knowledge-based systems is facilitated
through the use of specialised software to allow the
medical expert to model medical reasoning.
Subsequently, the use of the medical expert system itself
bymanyother practitioners involves inputting collections
of ontological elements into the system and extracting
task descriptions specifying the solution to the particular
case under examination. The advances in this area are
twofold: ¢rstly, there is much focus on the simpli¢cation
of the compilation procedure of medical expert systems
so that they may be easily built andmaintained by specia-
lisedphysicians; and secondly, attention is paid to accessi-
bility and usability of the medical expert systems. In
order to ensure awideaudience ofpractitioners,both tech-
nical interoperability across numerous system platforms
and user-friendly interfaces are important.
The modelling capabilities of ICTs have a number of
medical applications such as simulation of surgery and
endoscopy, image-guided surgery and endoscopy, and
more general computer-based realistic visualisation of
the living human body. Multimedia anatomical atlases,
for example, display precomputed images and are based
on a collection of planar images. Advanced methods of
interactive anatomy viewing are now becoming feasible
based on 3D imaging methods. These advanced atlases
provide the user with individualised viewing of anatomy,
givingchoice overdirection,focal length,and illumination
and with simulated X-ray images of actual views
(Priesmeyer 1997). Computer-based visualisation facil-
ities comprise an important part of medical student
education in dissection, proceeding beyond real-life
operations by allowing reassembly of anatomical parts.
Furthermore, they are points of reference for practising
surgeons and radiologists.
Outside the medical profession, tools such as the World
W|de Web are being used to educate health care and
governmentworkers in developingcountries, to eliminate
the isolation of health workers in rural areas, and to
provide information to other members of the public with
an interest in health care. Policy decisions about technical
standards for databases containing medical records, and
about the procedures for the protection of individual
privacy, are especially important.
Special needs
ICTapplications for the disabled and elderly can help to
increase opportunities for independent living, and pro-
vide greater autonomy and improved social integration.
ICTapplications, which can helpwithmobility and inter-
personal communication, include computerised Braille
and acoustical displays, robot arms for wheelchairs, and a
wide range of other innovative services. Examples which
can be found in the technical trade press include `smart
homes', multimedia medical ¢les, graphical user inter-
faces, computerised drug prescription systems, `smart
prostheses', networks of organ donor banks,more accessi-
ble telecommunication terminals, biological signals,
personal communicators, tele-diagnosis systems, alarm
systems, remote expert consultation, and intensive care
networks.
Formanypeoplewithdisabilities and learningdi¤culties,
ICTs can be their route to independence by giving access
to communication, education curricula, and informal
learning, opening up opportunities that otherwise would
be inaccessible.The choice andmanagement of appropri-
ate technology, balancing priorities, and monitoring
progress require careful consideration and planning.
Those involved in the development of these applications
ideally should include as wide a range of stakeholders as
possible, including citizens, the disabled and elderly
themselves, family doctors, service providers, therapists,
hospital workers, social workers, pharmacists, telecom-
munication operators,psychologists, social security orga-
nisations, computer ¢rms, physicians, health care
authorities, carers and families, and clinical laboratories.
For visually impaired or blind people, ICTs can alleviate
some of the most common literacy and numeracy
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problemsbyallowingpeople toreadandrecordtheirwork.
Large print, contrast print, choice of fonts, high quality
resolution, and picture steadiness can be adjusted by
using a word processor. Adjustable peripherals, such as
colour or texture keyboards, Braille keyboards, and
Braille printers, speech synthesisers, standard applica-
tionswithbuilt-in speech,andmoreadvancedsound tech-
nology, such as digital speech recorders, are also
important components. While ICTs can assist visually
impaired people in gaining access to information and
education curricula, the way in which generally available
digital information is displayed is still too often a cause of
exclusion. For example, the design of widely available
CD-ROMsandmultimediamaterialshas to build in su¤-
cient £exibility for users to be able to adjust it to their
needs.The successful use of ICTs by the visually impaired
also relies on continuity of contact, owing to the di¤culty
for users to retain a mental map of the system, and this
can be ensured by regular access to the system (NCET
1997). Learners with physical disabilities may have
problems in recording their work in which case ICTs
provide alternative means. Peripherals such as tracker-
balls, microphones, and joysticks in addition to overlay
keyboards can often prove useful. Advanced applications
facilitatingdata entry includepredictiveword-processors,
built-in word lists providing instant access to specialised
vocabulary,whole phrase insertion, and keyboard displays
on screen. Poor ¢ne motor control can be compensated
for by a touch screen and manual or sound activated
switches in connection with switch-operated software,
rather than a keyboard.
The main bene¢t of ICTs for people with hearing impair-
ment is the acquisition of e¡ective information handling
skills suchas thedescription,comparison,and contrasting
of objects. Immediate and visual access to information on
CD-ROMs and the opportunity to be creativewithmulti-
media presentations, coupled with sound ampli¢ers, all
o¡er learning opportunities without reliance on the
spoken word. Speech impediments may be compensated
for bydigitised speech facilities, pointingdevices or scan-
ning systems which rely on user selection from a choice
of displayed options. Hand-held spell checkers give
people with dyslexia immediate access to an electronic
dictionary,overcomingalphabetic searches and increasing
their con¢dence. While portable tape recorders have
proved to be useful for note taking, recorded speech or
text-to-speech synthesis provide instant feedback to
what has been typed.The quality of computerised speech
is constantly improving and is commercially available in a
variety of available voices, pitch and speed (NCET1996).
TheuseofICTsforpeoplewithemotionalandbehavioural
di¤culties creates a non-threatening environment in
terms of personal interaction. For students, the pace and
level of study can be controlled by the user, overcoming
fears associated with poor handwriting, drawing, and
spelling, while adding to their con¢dence and sense of
achievement. More advanced ways of using ICTs for
emotional andbehavioural di¤culties aremodelling tech-
niques, multimedia and sensor-based information
capturing, for example, about the weather, all aimed at
developing problem-solving capabilities. Software appli-
cations such as adventure programmes, interactive video,
CD-ROMs, and video cameras used with digitisers all
allowusers to experimentwithdi¡erent strategies, experi-
ence simulations of real-time situations in role play, and
topractise cooperation and teamworkwithother students.
Combinations of impairments require a mixture of, and
adaptation to, of a range of ICTs. Apart from changes in
technical speci¢cation, English language-based software
applications need to be adjusted to local languages and
dialects. Encouraging reports from developing countries
that have successfully adapted ICTs for the integration of
people with special needs suggest that realisation of the
potential of ICTs is feasible and does pay o¡. InBrazil, for
example, voice synthesisers used in connection with
speech software featuring Portuguese in high quality
local `carioca' accent enable the visually impaired to word
process (DosVox) and even enjoy full Internet access
(DISCAVOX). The scope of this application manifests
itself in the wider application beyond its initial academic
environment in helping blind students. It also allows
blind people to take up employment in areas such as
programming and telemarketing, as well as to manage
their own companies (Barros1998 forthcoming).
Education
In Chapter 4, this report reviewed developments in the
adoptionofICTs to enhance learningandcapability build-
ing and looked at the implications of ICTs for education
and training. Education and training are no longer
expected to stop when children leave school since it is
now recognised that people continue to learn throughout
their lives.
The use of ICTs for educational purposes has been
described as a paradigm shift in education owing to the
focus on learning, rather than on teaching, the latter
being a model which concentrated on the teachers and
their knowledge. Instead, emphasis on the learner means
that they can devise a `personal learning action plan'
(Bargellini 1997: 30) to tailor knowledge and training to
their own pace and style. Arti¢cial intelligence is used by
intelligent tutoring systems for tailored learning
approaches. W|th this, the learning path, instructions,
and feedback can all be geared to the individual student's
knowledge,skills,anderrorpatterns.Multimedia applica-
tions are providing new interactive materials and applica-
tions for learning at home, at school, and in the
workplace. The advent of mobile-code, such as Sun
Microsystems' Java programming language, presents the
possibility of processing multimedia data locally on the
user's machine, similar to o¡-line CD-ROMs, with the
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addedadvantage that the`remote' teacher is able to control
the£owof informationaccording to the student's progress
(Perdigao1997).
High speed communication networks are enabling
teachers to work together and develop courses jointly.
V|deo-conferencing and computer conferencing is
already providing some learners in rural and remote
regions of developing countries with access to teachers in
the heart of their own and other countries (mainly in the
industrialised world). Adult education, employee
improvement, and industrial training can also bene¢t
from interactive digital video and CD-ROMs. On-line
training using the Internet to deliver courses has the
advantage of allowing full £exibility regarding the time of
study although improvements still need to be made to
peak time access.
Digital satellite radio services, incorporating high quality
digital radio channels, text, and even photographs are
envisaged to reach more than 4.6 billion people in the
developing world (Snoddy 1997). The vast number of
channels that can be transmitted o¡er a range of talk
radio,mono-music,FMstereosound,andCD-equivalent
quality and provide much scope for educational content
originating both in industrialised and developing coun-
tries. Digital television channels, whether satellite, cable
or terrestrial, improve the quality of the broadcast image
and are another means by which educational material can
be broadcast. Digital terrestrial television (DTT) elimi-
nates the need for satellite dishes and cable television
lines as DTT can be broadcast from conventional land-
based transmitters and received via ordinary metal aerials
and a decoder box.
2
Hybrid products combining digital
TV,personalcomputers,andInternet access are envisaged
to succeed interactive television providing users with one
comprehensive set of on- and o¡-line sources of inform-
ation.
Advanced forms of virtual reality are synthetic environ-
ments that canbe applied to education for training, opera-
tional planning, and analysis. These distributed inter-
active simulations are based on a technique in which the
behaviour of mathematical models, real equipment, and
people can be examined and their interactions observed
(Moulton 1996). Major companies employ synthetic
environments for company training in which a common
computer-generated environment is the basis for assess-
ment. School-speci¢c applications are being developed.
Despite the declining costs of ICTs the costs of introdu-
cing major changes in education and training that take
place in the school, theworkplace, and the home continue
to be very high. Owing to the new didactic approaches
enabled by these technologies it is important to ensure a
focus on the development of common basic knowledge
assets and interpersonal skills. It is crucial to integrate
teacherswith their pedagogic expertise, into the introduc-
tion of innovations in education and learning (Bastos
1998 forthcoming). The implications of this change for
the role of the teacher also have to be taken into account.
Providing all people with equal access to lifelong learning
is a major social challenge for developing countries.
Environment
In the environment ¢eld, ICTapplications can facilitate
improved access to environmental information for citi-
zens, local, regional and national authorities, and busi-
nesses. Facilitating information £ows between di¡erent
actors is fundamental to improving environment protec-
tion and the e¡ective management of emergencies. ICT
applications can help in collating environment data in a
form suitable to particular groups of users and mobile
services, and can allow access to up-to-date information
and provide real time decision support to speed up and
increase e¤ciency in environmental monitoring.
Examples of applications include multimedia public
information kiosks, air and water quality monitoring and
warning systems, labour market information, prediction
of local air quality leading to control of tra¤c, rural-
based teleworking, environmental emergency manage-
ment systems for £oods, forest ¢res, and industrial risks,
home-based teleworking, public environment inform-
ation services for cities and regions, etc. Those involved
will often include citizens, environment agencies, local
authorities in cities, towns and regions, service providers,
environmentprotectionagencies,chambers of commerce,
¢rms, information providers, telecommunication opera-
tors, ¢re services, harbour authorities, computer compa-
nies, the police, etc.
Geographic information technology is the branch of
geography that focuses on collection, storage, analysis,
and display of geographic data and the application of
these data to decision-making in every area of human
endeavour.This rapidly growing ¢eld applies a combina-
tion of fundamental geographic principles and cutting-
edge information technology to a wide array of problems
facing humankind. Speci¢c implementations are
Geographic Information Systems (GIS) and Global
Positioning Systems (GPS ). A GIS is an automated
systemthatenables thecapture,storage,checking, integra-
tion, manipulation, analysis, display, and modelling of
complex spatial data. It comprises hardware, software,
and certain procedures to solve complex planning and
management problems and to formulate coherent
management strategies. A GIS may be considered an
advanced equivalent of a traditional map from which
di¡erent sets of information can be extracted more easily
and as required, for example, for the purpose of famine
prevention, forecasting plagues, and modelling of global
warming. The integration of information on climate,
soils, and terrains from a number of di¡erent sources
(remote sensing, earthbound surveys, and cartography)
permits the modelling of the potential and constraints of
di¡erent areas under di¡erent management options. A
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GPS is a space-based radio positioning system that
provides 24 hour three-dimensional position, velocity
andtime information to suitablyequippedusers anywhere
on or near the surface of the planet. Global Navigation
Satellite Systems (GNSS) are extended GPS systems,
providing users with su¤cient accuracy and integrity
information to be usable for critical navigation applica-
tions.
Alliedto theuse ofaGISis remote sensing fordata gather-
ing. This deals with the detection and measurement of
phenomena - without being in contact with them - using
devices sensitive to electromagnetic energy such as light
(cameras and scanners), heat (thermal scanners), and
radio waves (radar). Remote sensing provides a unique
perspective from which to observe large regions and
global monitoring is possible from nearly any site on
earth. In practice, satellite remote sensing has been put to
use to estimate atmospheric water vapour, trace gases,
aerosol particles, clouds and precipitation, and to
monitor andquantify changes in territories that are other-
wise not accessible. The use of remote sensing means
changes can be observed and merged with the other data
layers of a GIS. These changes can be analysed, for
example, as in the case of degradation of the rainforests
around Maraca, a large land-locked riverine island situ-
ated in the northern part of the Amazon Basin (Gittings
et al. n.d.). Owing to the low availability of topography
and thematic maps, many developing countries rely on
satellite images as aprimarydata source(GISLLtd1996a).
Another type of remote sensing device generating input
foraGISisvideography,anadvance onaerial photography.
V|deo techniques using portable equipment produce
georeferenced aerial video images in analogue (hardcopy)
or digital format. Airborne videography does not rely on
special aircrafts and incorporates visual, infra-red, and
thermal imaging.The advantages of this technology lie in
its customisation £exibility, the possibilities for data inte-
grationwith otherdigital data such as scannedor digitised
maps and satellite data, and its low cost compared with
conventional aerial photography.
The combination of these technologies provides impor-
tant means of analysis and access to environmental
information. The United Nations Environment
Programme (UNEP) contributes to the Global Resource
Information Database (GRID), compiling and archiving
georeferenced data. The GRID centres use specialised
ICTapplications, such as remote sensing, and geographic
information systems, and are building the expertise to
prepare, analyse, and present environmental data.
UNEP's Environmental and Natural Resources
Information Networking (ENRIN) programme is
supported by a satellite telecommunication system
(Mercure). W|th full Internet connectivity, Mercure
provides a high capacitymeans of delivering environment
data and information for other UNEP initiatives such as
GRID.Theproject is¢nancedbyanumberofdonor coun-
tries and implemented in collaboration with UNEP and
the European Space Agency (ESA).
The Indonesian forestry sector has bene¢ted from two
separate initiatives using ICTs. A public sector initiative
is funded and implemented by the Forestry Ministry to
aid in sustainable forest management. The programme
involves identifying and coding trees, optimising forest
maintenance, and training in the use of laptop computers
using the specialised software. A private sector initiative,
the Forestry Resource Information System, has been
introduced by the ForestryManagement Association and
incorporates a Geographical Information System; a data-
base linked to remote sensing data, aerial photography
images and digital mapping technologies (Talero and
Gaudette1995).
Owing to the large areaswhich canbe coveredwith remote
sensing and advances in image resolution, ever-increasing
volumes of data are generated that need to be stored and
analysed which require large amounts of processing time
and power. Advanced parallel processing technology
provides a means of coping with this data-intensive
system. Aside from hardware considerations, the use of
GIS and remote sensing techniques requires expertise in
collatingknowledge in thedesignanduse of computerised
geographic information systems for manipulating
spatially referenced data, concepts of map design, and the
use ofcomputerisedmethods fordesigningandproducing
maps, the use of satellite and aircraft data and imagery
for analysis of the earth's surface, the use of Global
Positioning Systems and other appropriate technologies
for data acquisition, and fundamental concepts of physi-
cal, cultural, and economic geography.The adoption and
utilisation of these tools means that local environment
stakeholders are an integral part of the data collection
process and the principal analyst in the data processing
andmanipulation procedure (GISLLtd1996a).
The complexity, size and unpredictability of environment
systems means that computer-aided, scienti¢cally
applied, modelling techniques are particularly useful in
simulating behaviour and predicting outcomes. A wide
range of environment and multimedia modelling tech-
niques is availablewith the emphasis shifting to the facili-
tation of integrating separate but related models, such as
airqualityandwaterqualitymodels,byremoving extensive
data reformatting requirements.
Environment conservation initiatives in all parts of the
worldgreatlybene¢tfromthenetworkingand information
exchange facilitates enabled by the use of ICTs in their
aim to encourage compliance with environment clean-up
and pollution prevention.The Sustainable Development
Networking Programme (SDNP) was established in1989
to facilitate information exchange between users and
suppliers of information in developing countries.
National network nodes assist all sectors and policy-
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makers by disseminating information on sustainable
development. Building up national capabilities to imple-
ment and maintain information sharing networks and
structures is the aim of a comprehensive training strategy
organised by SDNP. Incorporated in the UN
Development Programme `Agenda 21', SDNP relies on
local funding in addition toUNDP resources (Byron and
Gagliardi1996).
The United Nations Environment Programme (UNEP)
also incorporates ICT applications in its projects. For
example, the International Network on Information
Referral System (INFOTERRA) is a specialised on-line
system for scienti¢c, technical, bibliographic, and institu-
tional sources. The network currently consists of 173
national, government designated focal points that are
collaborating with the UNDP's Sustainable
Development Networking Project. Other ICT facilities
are employed in theUNEPnet initiative tomake environ-
mental information products and services from UNEP
and partner institutions globally accessible. UNEPnet
consists of network nodes in several continents linked to
the Internet and was a collaborative e¡ort by experts
from developed countries and UNEP. The Grito de
Alerta em Defesa da Floresta Amazonica project was
initiated by a college in Brazil with the aim of raising
global awareness about the need to protect the Amazon
region against environmental degradation and ICTs have
been used as a facilitating tool.The technologies include
video-conferencing equipment, multimedia applica-
tions, and a home page on the World W|de Web (Byron
and Gagliardi 1996). The World W|de Weather Watch
programme of the World Meteorological Organisation
uses high speed data links to transmit data and weather
charts throughout the world for private, public, and
commercial use. ICTs facilitate the monitoring and di¡u-
sion of information on climate change and enable national
governments to anticipate climate changes and to
develop social and economic plans that are more respon-
sive to climate change (UNCTAD1997).
Agriculture
Further endeavours towards sustainability are focusing on
the agricultural use of resources. Sustainable food
systems bene¢t from the responsible use of resources by
farmers who perform a wide variety of tasks in their crop
management: planting date selection; water utilisation
andmanagement;pest anddiseasemonitoring, identi¢ca-
tion, and remediation; and harvest management. These
tasks can be facilitated by expert systems which increas-
ingly adopt an integrated problem-solving approach to
all aspects ofcropmanagement.Capturinglocal expertise,
the systems improve with advances in the design of the
interface to ensure easy knowledge acquisition and repre-
sentation of knowledgewithin the expert system.
The basic infrastructure neededbyagriculturists includes
access to roads, inputs, andmarkets.At the land resources
planning, land management, and administrative levels,
information required is about markets, high level deci-
sions on food movement, pricing, imports and exports,
tari¡s and quotas, under- and over-production, which
can be provided by land information systems (LIS).
Consisting of a database with spatially referenced land-
related data, an LIS incorporates techniques for data
collection (such as remote sensing), updating, processing,
and distribution (GISL Ltd 1996b). Land information
systems collate physical information on soils, hydrogeo-
logy, and rainfall with socio-economic information on
rateable value, communications and utilities to support
decision-makingandplanningactivities atvarious admin-
istrative levels. Functioning as early warning and food
security information systems they canplay apart in strate-
gies to alleviate hunger. In supporting decision-making
and the re-examination of rural development policies,
LIS can assist the process of reform of land tenure, land
registration, urban planning, and local control over
resources.
Regional development strategies for rural areas where
livelihoods depend on agriculture, bene¢t from mechan-
isms to impart information directly to farmers andwithin
the farming community, about new practices and systems
from national and international agriculture research
centres. In the agriculture sector information sharing
using ICTs is being promoted, for example, by
SIMBIOSIS, an Organisation of American States (OAS)
project which is developing an international information
system for the biotechnology and food technology sector.
The longtermgoal is touseICTstoprovideaccess toregio-
nal resources for technicians and researchers. Another
project in the Latin American region supports a Network
on Natural Products Research (REDPRONAT in Latin
America and CANNAP in the Caribbean) developed
jointly by the OAS and the University of Chicago at
Illinois.An electronically accessible hemispheric database
onThenobotany (MEDFOR) has been developed.
5.4 Sharing knowledge and improving access
to information
ICTapplicationsprovidenew tools for improvingaccess to
information and sharingknowledge.The competitiveness
of industrial sectors in developing countries depends on
the quality of research and the ability of ¢rms to transform
the results of research into marketable products.
Researchers in the developing countries require easier
access to up-to-date scienti¢c and technical information
as well as opportunities to communicate with other
researchers.Networking services, e-mail, andmultimedia
conferencing are essential `life-lines' for many researchers
in the industrialised countries and researchers in the
developingworldmust also be included in these networks.
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In many developing countries, the technical networks
supporting research activities have been developed piece-
meal, resulting in a patchwork of technically diverse
networks. A major challenge will be to create a regional
research environment based on higher capacity networks
which interconnect national networks and support state-
of-the-art software based applications.
Libraries ful¢l many of the cultural, educational, and
professional needs of citizens and workers and with the
emergence of the global information society there has
been an explosion in resources, generating new demands
and fuelling higher expectations. ICT applications for
libraries are being developed to provide new tools and
systems to improve andexpandnetworked library services
although this process is in its infancy in practical terms.
In the future, networks will link library resources provid-
ing access to published information from a variety of
sources.There is a growing number of alliances between
publishers, distributors, and librarians which provide
new services, accessible from libraries themselves and in
some cases from homes, schools, and o¤ces. Examples
of applications include: computer based training, high
speed research networks, open library systems, tele-
education, tele-operation of experiments, tele-training,
remote access to research results, cooperative learning,
multimedia e-mail, electronic access to books, journals,
documents,andmultimedia resources,electronicproduc-
tion and delivery of multimedia learning materials, data-
bases of course materials, interactive learning with
student support and feedback, and distributed learning
over theWorldW|deWeb.
Language is an essential elementofcultural identitywhich
is a critical issue if information is tobe sharedby electronic
means. As electronically based `knowledge societies'
emerge in the developing countries, the lives of those
people who are connected to networks will become
increasingly intertwined. Linguistic di¡erences can be
substantial barriers to communication and knowledge
sharing. ICT applications are being developed that will
help to improve information access and interchange
across language barriers. Language engineering innova-
tions are providing a basis for integrating written and
spoken language processing technologies and improving
their ease of use. New applications such as voice-
controlled inquiry systems, multilingual information
services, and computer assisted translation may provide
greater possibilities for communication among the many
dialects and linguistic traditions within and between
developing countries. At present, however, most of the
available systems are rudimentary.
ICTapplications can be used to strengthen opportunities
for sharing and exchanging information relating to
sectoral applications and successes and failures in imple-
mentation. Initiatives are underway that may contribute
to enhanced information sharing among dispersed com-
munities with common interests. For example, networks
sponsored by the World Bank and Volunteers for
Technical Assistance (TechNet) and the Institute for
GlobalCommunications (LaborNet,PeaceNet)are allow-
ing interaction and exchange of experiences within a
widely dispersed community using e-mail and theWorld
W|de Web to organise discussions in an orderly fashion
(Institute onGovernance1996).
InMarch1997, theWorldBank announced its support of a
`data exchange' for infrastructure investment in Latin
America. It is hoped that the exchange idea will be
extended to Asia, eastern Europe, and possibly Africa.
The proposal is supported by the Multilateral
Investment Guarantee Agency arm of the World Bank
and it is expected to give Latin American partners a 51
per cent controlling interest. Members would pay US$
25,000 initially for a seat and the number of Latin
American seats would be limited to 204. Twenty-six
private and public sector companies have committed to
become founder members with a further 39 agreeing to
consider membership. The exchange would be managed
by CG/LA, a Washington consultancy company, and
would use the Internet to provide information about
investment projects, business conditions, e-mail, and
conferencing facilities (FinancialT|mes1997).
5.5 Using ICTs in the business sector
This section looks at sectors where ICTapplications can
produce major changes in the economies of developing
countries. The manufacturing sector is witnessing the
widespread adoption of ICTs in planning and control,
factory automation, and general business management.
Electronic commerce is widely regarded as an essential
prerequisite for the `knowledge societies' of the future.
Those countries thatdonot implement thenew electronic
forms ofbusiness conductwill almost certainly¢nd them-
selves disadvantaged in the conduct of trade and in their
¢nancial a¡airs.Tourism is another sector in which there
have been major changes as a result of the application of
advanced ICTs.
Manufacturing
In manufacturing, rather than accelerating single steps in
the production process, now whole process chains are
being targeted for elimination or speeding up (Freund et
al. 1997). Supported by ICTs using database transaction
processing, all-encompassing approaches to managerial
andwork-basedorganisational integration inmanufactur-
ing are being made. Broader de¢nitions of computer inte-
grated manufacturing (CIM) capture this notion (Senker
andSenker1994)while othersources refer tovirtualmanu-
facturing (Tang et al. 1997). Apart from automating the
manufacturing process, ICTs facilitate the systematic
capturingof informationatall stagesofdesignandmarket-
ing. This supplies important inputs to general business
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management, control and logistics, strategic planning,
and total quality management. In particular, the systema-
tic capturingofcostdetails is expectedtohave implications
for investment owing to the detailed audit records of
investment performance (Tang et al. 1997). Further
improvements extend to waste, pollution, and energy
reduction, and the e¤ciency of a manufacturing plant by
making it more reliable, repeatable, and maintainable
(Technology Foresight Panel on Manufacturing,
Production andBusiness Processes1995).
The design stages of both machine tools and manufac-
tured parts bene¢t greatly from computer-aided-design
(CAD)andinteractive graphics.V|rtual realityand simula-
tion can be used to explore design alternatives in an easily
manipulated model world. CADs can limit designers to
working on manufacturable parts and eliminate time-
consuming unfeasible designs. Further, it is possible to
achieve reductions in the product development cycle
with design-to-prototype services which allow the
designs of manufacturable parts to be sent to a computer
controlled milling machine for immediate fabrication
(Integrated Manufacturing Lab Research n.d.).
Simulation tools also allowadegree ofcustomerparticipa-
tion in the design process and demonstration models can
be made available to end users for comment on a com-
pany's web site.The potential of virtual reality simulation
reaches far beyond industrial use for rapid product test
methods in electrical, electronic, and mechanical engi-
neering, textiles, clothing, architecture, and construction,
to other sectors such as media.
Important stages of the production process are served by
direct numerically controlled (DNC) machine tools
which are an advance on computer numerical control
(CNC),wherebymultifunctionmachine tools inaproduc-
tion cell are computer controlled. Advances in this area
are £exible manufacturing systems (FMS) in which the
movement of workpieces between production stations is
also computer controlled, leading to more £exible pro-
cesses. Client/Server technology combined with expert
systems for on-line analysis based on an individual manu-
facturing cell, allowa simulated`look ahead' thereby redu-
cing bottlenecks and maximising throughput in complex
manufacturing environments such as aircraftmanufactur-
ing (The Quality Observer 1996). In addition, computer-
aided-manufacturing (CAM) incorporating robotics is
spreading rapidly, linking material handling machines,
lathes, grinders, sprayers, and assemblers, to computers.
Advances in mobile robot path planning and navigation,
reactive robot navigation, vision and haptic-based object
recognition,andknowledge-basedgraspingwith dextrous
hands, will allow the scope of robotic applications in
manufacturing to increase further (RIM Lab n.d.).
Facilitating the change of material from steel to alumi-
nium, computer simulated guidance through the sheet
metal stamping process lets employees adapt quickly to
the new material (The Quality Observer 1996).
Controlled process sensor technology incorporates ICTs
for evaluating the sensor data and processing the ¢nal
result, taking inputs from optical and capacity sensors,
additional laser interferometers and thermal compensa-
tion. This leads to remote and more accurate process
control.
Supply chains are also a¡ected by ICTs. Suppliers' real-
time access to a manufacturer's CAD, CAM and/or CIM
facilities can greatly improve product development, redu-
cing time-to-market for new products. Reducing the
travel time to suppliers of designers and engineers results
in signi¢cant cost savings (Harvey andGavigan1996).
The range of skills required for these advanced manufac-
turing technologies includes electronic and mechanical
engineering,mathematics andphysics,software engineer-
ing, robotics, hydraulics and pneumatics, programming,
and process control which need to be complemented
with knowledge about internal processes. As Senker and
Senker (1994) have argued, the choices in the skills
requirements and organisational aspects presented by
the application of ICTs in manufacturing defy a single
solution.The introduction of ICTs into some or all stages
of the manufacturing process necessitates changes in
organisational structures (see Chapter 3).The high costs
involved mean that the potential is out of reach for most
small companies and developing countries. High levels
of expertise and investment are required for the adoption
of these technologies (Tang et al.1997).
Electronic commerce
Electronic commerce can be de¢ned as `the use of docu-
ments in electronic form, rather than paper, for carrying
out functions of business or government (such as ¢nance,
logistics, procurement, and transportation) that require
interchanges of information, obligations, or monetary
value between organisations and individuals' (Ferne
¨
1996: 7). It includes activities that could be replaced by
electronicmedia such as the exchange ofdocuments, tele-
phone calls, faxes, etc., and also includes standards for
procurement of manufactured goods by governments
and the private sector and the participation of ¢rms and
individuals in the electronicmarketplace. In an era of elec-
tronic commerce, size of assets or capital has increasingly
less bearing on competitiveness. Electronic commerce is
developing in response to the need to build a technical
and service infrastructure that will sustain commercial
transactions in the `knowledge societies' of the 21
st
century. To achieve this goal there is a growing need for
cooperation between governments and the private sector
(Mizuno1997).
There is some dispute about the current role of electronic
commerce in the economy. Some surveys (see Box 5.2)
have suggested that electronic commerce of all kinds will
be slow to take o¡ for ¢nancial reasons or because of lack
of training, while others see available networks as o¡ering
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too little security for all sectors of the economyto engage in
extensive world-wide trading by electronicmeans.
However, there isvirtuallynodispute aboutthepotentially
profound changes which the global information infra-
structure, including the Internet, could bring to the tradi-
tional model of relationships between buyers and sellers
in the marketplace (Information Infrastructure Task
Force 1996). New models of commercial interaction are
developing as businesses and consumers participate in
the electronicmarketplace.World trade involving compu-
ter software, entertainment products (motion pictures,
videos, games, sound recordings), information services
(databases, on-line newspapers), technical information,
product licences, and professional services (businesses
and technical consulting, accounting, architectural
design, legal advice, travel services, etc.) has been
growing rapidly over the past decade, and now accounts
for well over US$ 40 billion worth of United States
exports alone (USDepartment ofCommerce1996).
3
Once the global information infrastructure is fully inplace
it will have the potential to radically alter commerce in
these and other areas by accelerating the growth of trade.
Use of the Internet, intranets, and other computer
networks could lower transaction costs dramatically, and
facilitate new types of commercial transactions. Based on
the Internet protocol, intranets are accessible only to
users of a corporate network (running on public or
private networks) and rely on ¢rewall security to shield
them from unauthorised access. The main bene¢ts are
improvements in internal communication and inform-
ation £ows by facilitating the distribution of information
access across a company, and features such as remote
access and teleworking.
Extranets also use Internet technology - browsers andweb
servers - to linkcompany-speci¢cIntranets enabling busi-
ness partners and suppliers to share corporate data.
There is no necessity for a closed set of standards with
additional large investment requirements in infrastruc-
ture.This is a major bene¢t for companies with Internet
access, particularly for small companies upstream in the
supply chain who can participate in electronic trading at
low cost. Although extranets have the potential to widen
the number of electronic commerce partners, companies
with no previously established relationship need to
authenticate their communications (Chappell1997).
New arrangements between buyers and sellers will make
commerce easier for those who have access to the global
infrastructure. For example, in the information techno-
logy sector computer manufacturers can bypass retailers
to supply equipment directly to individuals and busi-
nesses. Commerce on the Internet could reach several
billions of dollars by the turn of the century and sales
were estimated at US$ 200 million in 1995 (American
Electronics Association/AmericanUniversity1996).This
is despite concerns about the legal environment for inter-
national transactions, for example, enforcement of
contracts, liability, intellectual property protection,
privacy, security, and taxation (see Chapter10).
Electronic commerce is growing in some sectors of devel-
oping countries andparticularly in the newly industrialis-
ing countries such as Singapore which has promoted the
useofelectronicdata interchange(acomponentof electro-
nic commerce) for several years.
Box 5.2 -The Internet, not exactly the high street for doing business
Only one in 20 companies is dealing on the Net, a poll has
found. Security and a lack of cost-bene¢t analysis are just
two factors. A survey by Deloitte and Touche Consulting
Group of almost 1,500 companies around the world has
found that the overwhelming majority has no plans to use
the Internet for business transactions. Other factors include
the ¢nancial and human resources needed to respond to the
technological issues (Rowan1997).
Since the1960s, the ¢nance sector in Brazil has also made
use of ICTs to automate its procedures. Owing to its
favourable ¢nancialpositionbut also to a lackof producers
to respond to the speci¢c ICT requirements of the
banking sector, subsidiaries and spin-o¡s were created to
provide electronic solutions. The strong user-producer
relations established in hardware and software design
speci¢cally for banking, ensured that companies could
compete successfully with foreign ¢rms after the liberali-
sation of the economy in the early 1990s. The lack of a
widely available telecommunication infrastructure
encouraged banks to invest in private satellites to allow
wide coverage to remote branches (Cassiolato1996).
UNCTADhas supporteda largenumberofprojects in this
area including debt management systems, information
on laws, `one-stop-shop' services, and information on
markets and environment protection standards (see
Chapter10).
Tourism and travel industry
The travel industry has proved to be one of the fastest
growing segments of the Internet. Jupiter
Communications projects that on-line spending for travel
services will reach US$ 1 billion by the end of 1997 -
almost 50 per cent of the US$ 2.3 billion that will be
spent on-line in 1997 - and will continue to grow to the
US$ 3 billion mark by the year 2000. Consumer prefer-
ences for £exible travel and leisure services provide a
strong impetusforanewtourismthat isheavily dependent
on ICTs (Poon 1987). ICTs are playing an important role
in engineering new, more £exible, and quality driven
tourism. Awhole system of ICTs is being di¡used rapidly
throughout the tourism industry and it is unlikely that
any developing country or economy in transition will
escape its impact.These technologies are associated with
frequent-£yer programmes, £exible holidays, ticketless
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travel, cyber o¡ers, video brochures, web sites, on-line
travel agency services, andmore.
International tourism is a very information-intensive
activity. Tourism's critical dependence on information
£ows can be illustrated by the information needs of a
company such as American Express. This company
needs rapid, unimpeded global communications to carry
out its routine transactions, which include authorisation
ofmore thanhalfamillionAmericanExpress card transac-
tions daily all over the world, with an average response
time of less than ¢ve seconds, and the number of transac-
tion authorisations increasing at between 25 and 35 per
cent annually. ICT systems are used for veri¢cation and
speedy replacement of lost or stolen traveller's cheques
sold by over 100,000 banks around the world, and for
accessing reservations systems and travel related service
databases from o¤ces in over125 countries.
In the travel and tourism industry, awhole system of inter-
related computer and communication technologies is
being employed (see Figure 5.2). The components
consist of computerised reservations systems, teleconfer-
encing, videotex, videos, video brochures, management
information systems, airline electronic information
systems, electronic funds transfer systems, digital tele-
phone networks, smart cards, satellite printers, mobile
communications, e-mail, Internet, etc.
Computerised reservations systems (CRSs)have emerged
as the dominant technology and the Internet is also a
very powerful emerging technology in the industry. The
experience of CRSs and travel agencies in the United
States provides clear evidence of the speed of di¡usion.
By1988, a mere10 years after deregulation, 96 per cent of
travel agencies in the United States were automated.The
rapid di¡usion of a system of ICTs throughout the travel
and tourism industry is having four major impacts. It is
improving the e¤ciency of production; it is helping to
enhance the quality of services produced for consumers;
it leads to the generation of new services; and it enables
the engineering and spread of a whole new industry set of
practices.
For SMEs, and peripheral and remote destinations, the
implications of ICTs for the tourism industry, are
twofold. On the one hand, ICTs can reduce reliance on
tourism intermediaries. On the other, if companies are
unable to adoptICTs, the intermediaries'power increases.
For example, they are able to forecast demand levels,
Figure 5.2 - Integrated information technologies for integrated tourism industry and local economy management
Source: Buhalis (1995).
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foster consumer relations, and in£uence the negotiation
process in their favour (Buhalis1995).
The cost reducing potential of ICTs is suggested by inter-
nal airline studies which have estimated that CRSs
reduce the cost to an airline of making a reservation from
approximately US$ 7.5 to US$ 0.50. A survey of travel
agents reported that installing aCRS raised their produc-
tivity by 42 per cent and as a result, the direct social costs
ofairline reservationandticketinghave fallen dramatically
by as much as 80 per cent (Poon 1987). The ICT impact
on quality depends upon how di¡erent technologies are
conceived and whether they are strategically used to
render competitive advantages. One hotel may use
computers simply as a tool to lay o¡ workers and to
reduce wage costs. Another hotel may use ICTs to
improve e¤ciency and to release valuable person hours to
add a `high touch' element to the services o¡ered. ICT
adoption will have the e¡ect of improving the quality and
`personal touch'of the services.
The future growth of the travel and tourism industry is
takingplacewithin the contextofanewsocio-institutional
framework (limits to growth, environmental conscious-
ness, deregulation, more planning and development of
`green' or `soft' tourism services and facilities). These
conditions create an excellent match with ICTs to
develop amore£exible industry.The extent of the bene¢ts
and rate of di¡usion of the new practices depends on the
actions of the ¢rms, consumers, host countries, and
governments (for example, airline deregulation and envir-
onmental limits to growth). Developing countries face
high up-front investment costs in ICTs if they are to
compete e¡ectively for the growing international tourist
trade.
5.6 Conclusion - Knowledge sharing for
effective ICTuse
ICTshavemanyrevolutionaryimplications,but inorder to
achieve their potential bene¢ts it is necessary to focus on
user-oriented and cost-e¡ective applications rather than
on technology-driven applications.The analysis of users'
needs is essential as is consideration of the factors that
may exclude them from participating in the design and
implementation of applications. User representatives
must be involved in all stages of ICTapplication develop-
ment if the users themselves cannot be involved directly.
The range of capabilities among potential users must be
taken into account in the process of designing and imple-
menting new applications. Resources su¤cient for tech-
nology assessment and evaluation of the bene¢ts of
applications throughout their development must be allo-
cated. Funds to support the wide dissemination of the
results of experimental and commercial applications are
also necessary. Cross-sectoral and vertical coordination
between suppliers, users, and policy-makers is important
to ensure that the bene¢ts of ICTs can be made available
to potential users.
Many of the applications described in this chapter are the
focus of experiments, trials, and demonstrator projects in
the United States, the European Union, Japan, and the
newly industrialising countries. Some of the earlier
generations of the these applications are proving their
commercial viability and their capacity to support
research, business, and social activities on a limited basis
within the wealthier developing countries. Since most of
these applications are being developed initially in the
industrialised countries, there are additional costs asso-
ciated with adapting the software and hardware designs
to the needs of developing countries. Policy measures are
needed to address the key areas within each country's
overall development strategy that could bene¢t from the
use of ICT applications and to promote initiatives that
will generate ¢nancial resources (see Chapter 11). These
resources are needed not only to assemble the necessary
hardware and software, but also to build new capabilities
for e¡ective use.
An analysis of project partners involved in the European
Commission's Telematics Applications Programme
suggests that the types of partnerships which emerge to
develop ICTapplications are a good indicator of the type
of research that is performed (European Commission
1997a). Information about these partnerships is helpful
in addressing questions about how closely R&D
programmes are related to commercially viable applica-
tions andwhether they are responsive to the requirements
of users. The analysis of partnerships also provides a
means of tracking the evolution of collaborations within
countries and across national boundaries.
Given thedi¤culties andcosts ofestablishingcoordinated
information on ICTapplications, it is not surprising that
few if any systematic analyses have been undertaken in
developing countries. Nevertheless, such information
would provide an important source of information for
policy-makers within developing countries. It would
provide a basis for observing changes in the pro¢les of
organisations that are actively engaged in developing new
ICTapplications. It would also provide a means of bench-
marking progress toward the greater inclusion of under-
represented economic and social groups.
Fromtheperspective of thosewithindevelopingcountries
a continuously updated and systematic source of inform-
ation of where the knowledge and expertise resides for
launching innovative ICTapplications inside and outside
their countries is essential. Therefore, such information
needs tobe coordinatedacrossministrieswithin countries
and across the various development oriented agencies of
the United Nations system and other international
bodies that are active in this area.
Table 5.1 provides an overview of the potential social and
economic impacts of ICT applications based on a study
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Table 5.1 -The potential social and economic impact of ICTapplications
ICT trends Technology capabilities and applications Social, economic, and political impacts
Increased performance at greatly reduced
cost, for example microelectronics, fibre
optics, voice andvideo compression, fast-
packet switching, veryhigh-density storage
technology.
Permits developing countries and the least
developed countries to`leapfrog'to advanced
technology;maximises advantages of
existing technology.Technologies also
provide greater geographical coverage.
National political/economic integration;
more efficient markets and more effective
political control and administration.
Potential for the erosion of national
boundaries due to reinforcement of global
ties, for example PeaceNet, EcoNet, etc.
Technology convergence due to
digitalisation, wideband transmission,
compression technologies, and standards
developments.
Cost efficiencies in services due to
economies of scale and scope and greater
networking versatility.Greatly enhanced
applications, such as real-time video
transmission, videoconferencing, and
multimedia applications for the home, the
desktop, or (less expensively) public point-
of-sale terminals.
Greater support for the low cost provision of
public services such as health care and
education.Multimedia is especially useful in
developing countries given their high
illiteracy rates. Supports business
applications, such as computer-aided-
design, desktop fax, videoconferencing.
Unbundling of communication functions
and services due to the emergence of
competing technologies, the dispersal of
intelligence throughout communication
networks, the demands of large users, and
market liberalisation policies.
Permits users to purchase communication
functions and services separately. Allows for
greater flexibility in network design and
architecture.More networking options and
freedom to customise networks to minimise
costs or to match specific needs.Lower costs
also due to greater competition among
vendors and service providers.
Interoperability, network integration, and
networkmanagement likely to require
greater technology expertise.
Democratic process likely to benefit from
greater diversity of communication sources
and network designs. Allows developing
countries to manufacture low-end
components and gain technology expertise.
Less elaborate and expensive systems may
provide more `appropriate' technology to
meet developing country needs. On the
other hand, problems of interoperability and
increased complexity can create new
information bottleneckswith consequences
for politics and the economy.Technology
experts and system integrators become new
information gatekeepers.
Increased ease of use as a result of advances in
storage,microelectronics, speech recog-
nition, and search engines. Applications
include simple to use graphic user interfaces
(such asWindows),networkbrowsers (such as
Netscape), and intelligent agents.
Supports greater network access and usage,
promotes deployment, and reduces the level
of expertise required to take advantage of
information technologies.
Reduces access barrierswith positive
benefits for both competitive markets and
democratic politics.
Decentralised intelligence throughout
communication systems due to software-
driven and software-definedcommunication
networks.
Provides for two-way interaction and greater
user control. Applications include
interactive television, personal digital
assistants, desktop publishing, intelligent
networks, and expert systems. Provides a
platform for creating value-added services,
such as `free phone'services, point-of-sale
services, and credit authorisation.
In manydeveloping countries, two-way,
interactive media can support local grass-
roots participation, thereby enhancing
democratic processes. Provides an
opportunity to develop specialised or local
content to reinforce community ties.Value-
added services provide or substitute for a lack
of an information infrastructure (banks,
insurance, legal, etc.)
Increased networking capabilities due in part
to advances in integration and switching
technologies such as routers, intelligent
hubs, and asynchronous transfer mode,
frame relay, together with advances in
wideband transmission technologies and
software support applications such as CAD-
CAM,EDI, groupware, aswell as the
development of standards and networking
protocols such asTCP/IP (Internet) and
application programming interfaces.
Supports distributed client-server
computing and cooperativework
applications such as e-mail, EDI, computer-
integratedmanufacturing, teleworking and
groupware. Provides support for the
development of specialised functional
networks, such as financial services networks
or special interest group networks such as
EcoNet.
Supports democratic politics byhelping
individuals locate information, identify like-
minded people, deliberate, andvoice
opinions.Networks help businesses and
firms reduce their costs by integrating
processes and information, and to gain a
strategic advantage bydeveloping exclusive
networks that lock in customers and
suppliers.Without access to advanced
networking technologies, developing
countries may become locked out.
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by the United States O¤ce of Technology Assessment in
1995 (US Congress OTA 1995a). It is not certain that the
potential bene¢ts of ICT applications for developing
countries will be the same as those described here. The
outcomes for developing countries depend on public
policy actions, andprivate sector management and strate-
gic priorities.
E¡ective ICT policies and initiatives to take advantage of
the newapplicationsmustbe embedded in the local envir-
onment and in the organisations which expect to bene¢t
from them.There is substantial evidence that if applica-
tions do not re£ect user needs or involve them in the
process of development, they simply will not bring the
expected bene¢ts.They are likely to create new problems
thatwill be costly to address. If the speci¢c social, cultural,
and economic conditions, the expertise and commitment
of users, and components of the infrastructure are not
assembled together, ICT applications will fail to yield
bene¢ts.
Theneedfor`appropriate adoption,adaptation,and trans-
fer', and the selection of ICT applications as a result of
informedchoices and the developmentofuser capabilities
Table 5.1 continued -The potential social and economic impact of ICTapplications
ICT trends Technology capabilities and applications Social, economic, and political impacts
Increasedmobility and portability due to
distributed intelligence and advances in
wireless technologies such as satellite
receivers, cellular telephony, personal
communication services, radio paging,
digital radio,wireless local area networks,
wide area networks, and private branch
exchange equipment.
Low cost alternative to fixedwireline
technologies for use indifficult to reach,high
cost areas.Greater ease and speed of
deployment.Allows for greater network
flexibility and support for remote
information access and processing.
Applications includewireless networks
based on a mesh rather than hub
architecture.When combinedwith
unbundled intelligent peripherals, wireless
networks support the widespread
distribution of information and
`intelligence' to all areas. Applications
includeCD-ROMlibraries or expert health
care systems.
Facilitates open markets and democratic
politics by supporting access to political and
economic information and communication
networks aswell as to expertise and
`intelligence' from and to anywhere.
Facilitates network configuration and shared
information systems, which support the
competence of local governments, and
reinforces community ties.
Source: Adapted fromUS Congress OTA (1995a).
] Workwith the newest and best ICTs.
] Support research that is practical and result oriented.
] Place emphasis on generalisable outputs, rather than
those speci¢c to a particular country or institutional
situation.
] Support quality researchwork.
] Linktechnologies andtools topast investments in the
information content of existing systems.
] Establish specialised programmes to support ICT
R&Dand applied research.
] Support projects that can stimulate interest on the
part of other potential donors and agencies.
] Support developing country capacity-building,
through a mix of technology transfer, partnerships
and local R&D activities.
] Foster international collaboration in ICT.
] Support activities based upon both identi¢ed user
needs and technological opportunities.
] Supportavarietyoftypesofactivitiesrelevanttoneeds
and real conditions in the countries that are to carry
them out.
] Explore the usefulness of a newapplication in solving
development problems in the industrialised coun-
tries, and promote the adaptation of the application
for developing countries.
] While promising applications are still being tested
and developed, their usefulness can be explored.
] ProvidesupportforR&Dinthesoftwareandhardware
areas.
] Encourage sensitisation, evaluation, and dissemina-
tion activities.
] Support policy research to provide a framework for
decision-making and allocation of resources.
] Consider carefully local factors and conditions when
designing projects.
Box 5.3 - Principles for enabling ICTs and development
Source: Adapted fromValantin (1995).
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should not be underestimated (Durant 1997). A key issue
for developing countries is the enabling mechanisms for
smaller ¢rms andorganisations.There is a need for strate-
gic planning, increased commitment on the part of
owners and managers, stronger e¡orts to achieve user
participation, awillingness to changeworking procedures
and to make provisions for building worker capabilities
throughtraining,retrainingandeducation(Girvan1994a).
The e¡ective use of ICTapplications provides the oppor-
tunity to harness the bene¢ts of these technologies to
national and regional development goals.To achieve this,
education, lifelong learning, and attention to both techni-
cal and social capabilities must become central issues for
policy-makers, ¢rms, and the non-governmental organi-
sation sector.
Two decades of experience in providing technical assis-
tance to developing countries to extend capacities using
ICT applications permits general lessons to be drawn.
The principles shown in Box 5.3 can be tailored to the
speci¢c needs of developing countries. These principles
can be used as a guide to actions that could enable greater
empowerment of people through the appropriation of
ICTs to meet their development goals.
A major goal of initiatives to implement ICTapplications
in developing countries is to help to alleviate poverty.
Another is to ensure that the applications are perceived
by their users as being useful. If these goals are not
achieved there is little point in investing enormous
amounts of money in the infrastructure for innovative
`knowledge societies' in developing countries. Chapter 6
looks at the constraints facing the least developed coun-
tries. In these countries the challenge to invest extremely
scarce ¢nancial resources in ICTs and in people's capabil-
ities touse them is enormousbecause of strong competing
claims on those resources. However the promise of ICTs
to assist in ameliorating pressing development problems
means that e¡orts need to be made to give priority to stra-
tegic investments.
Notes
1 For example Dutton (1997); Drake (1995); Kahin and
Keller (1996); Branscomb and Keller (1996);
Information Highway Advisory Council (1995); Dumort
andDryden (1997).
2 Separate decoder boxes are necessary until the electronics
have been integratedwith television sets.
3 The estimate covers1995 and does not include transactions
between a¤liated companies which could add as much as
US$ 47 billion in additional exports.
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6. Implementing ICTs in the least developed countries
6.1 Introduction - Models for sharing
information resources
Decision-makers in the least developedcountries (LDCs)
and regions of the world are becoming more aware of the
potential bene¢ts of ICTs. For many of these countries,
widespread access to these technologies for people on an
individual basis is simply out of the question in the time-
framewithinwhich policy and strategic actions are taken.
Analysis of the relationshipbetween the rate of investment
in the telecommunication infrastructure and the penetra-
tion of telephones shows that convergence between the
industrialised countries and some of the LDCs is
decades away (see Chapter 2). Some countries in Eastern
Europe, Asia, the Caribbean, South America, and the
Mahgreb regions - and China - will take 15 to 20 years at
current rates of investment to reach the telephone pene-
tration rates of industrialised countries. For countries in
northern Africa and theOceania region, convergence will
take some 30 years. Sub-Saharan Africa and central
Asian countries will wait 50 to100 years.
Plans for investment in ICTs bring the best results when
they are embedded in, or informed by, a vision of the
future that is consistentwith the local or national environ-
ment. If the LDCs implement investment strategies that
emulate the `one person - one telephone - one Internet
accesspoint'model that ispredominating in the industria-
lised countries, they are likely to experience frustration
and disappointment. Even in the industrialised countries
there are illustrations of the use of `telecottages'and local
learning centres to broaden access to ICTs, deepen the
skills base, and build new competencies. Alternative
models are emerging in the rural and less advantaged
areas of wealthy countries (Gillespie and Cornford 1997,
Taylor et al. 1997). It is essential that the LDCs devise
innovative models of their own.
In the newly industrialising countries where access to
communication networks is becoming relatively wide-
spread,governments andthe private sector are also invest-
ing in people. There is little to be gained from access to
global, or even local, digital information resources if the
skills to select, interpret, and apply the information are
absent or very poorly developed throughout the popula-
tion. The capacity to generate, distribute, and share
information about local resources and activities is as
important as access to distant digital information. LDCs
need to develop models for `access' and `information
content'.These models need to create incentives for cost-
e¡ective sharing of information resources as well as the
hardware and software that facilitates access to networks.
Similar considerations apply to ICTs embedded in
production systems where there is a need to share know-
ledge about how to obtain the full bene¢ts of new process
and control technologies.
Asynergistic relationshipbetween investment in the tech-
nical components of the national information infrastruc-
ture, and in people, enables learning to take place which
can bene¢t all sectors of the economy and society. The
LDCs encounter thesepotential synergies fromaposition
of poverty and existing wide inequities in the distribution
of technology, access to electronic networks, and the
capabilities to use them. Innovative models are needed
that institutionalise and coordinate action leading to the
targeting of key areas inwhich to build capabilities.
The constraints to achievingthegoal ofharnessingICTs to
development priorities in the LDCs in terms of building
the national information infrastructure are di¡erent from
those in the industrialised countries or the wealthier
developing countries.
For example, some LDCs such as Djibouti, Rwanda, the
Maldives, and the Solomon Islands, have very sophisti-
cated digital telecommunication infrastructures (de
Cuellar 1995). If the costs of usage could be kept at an
a¡ordable level, new technologies, such as multi-point
multi-channel distribution systems and cellular radio,
could be used to alleviate congestion on older terrestrial
networks in other countries. A serious problem for
network availability is the absence of reliable power
sources. As the Internet becomes a more important
mode of information exchange, the con¢guration of
stand-alone Intranet and Internet usage to optimise avail-
able terminal and network use, needs to be considered
(UNESCO1996).
The use of ICTs relies on electricity and, in this respect,
most of the LDCs - and particularly their rural areas -
are at a disadvantage because of the limited extent of
their national grids (de Oliveira 1991). Although alterna-
tives, for instance solar power, are being explored (see
Box 6.1), their viability is hampered by their cost. In addi-
tion, electricity prices often do not re£ect actual costs
because of the use of cross-subsidies. The reliance of
ICTs on electricity further adds to the complexity of the
`trade-o¡ between the utilities' ¢nancial viability and
social, economic, and environmental objectives, each of
which has to be carefully assessed' (de Oliveira 1991: 85).
Challenges are posed by having to devise an integrated
planningmechanism for infrastructure provision.
They [critics of ambitious electri¢cation goals] argue that
although electricity is a key factor in economic development, it
can do little for it if transportation, banking and other infra-
structures are not provided as well. ... Nevertheless, access to
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modern life is almost impossible without access to electricity (de
Oliveira1991:78).
The integration of projects, such as those in Box 6.1, is
necessary. This could avoid `the risk that these schools
may be deprived of the bene¢ts of the so-called inform-
ation age for which fast digital telecommunication lines
are a prerequisite' (Butcher and Perold 1996: 16). The
power requirements of ICTs will continue to increase
andelectricitycostswill formaconsiderable partof educa-
tion and other budgets allocated to the provision of ICTs.
The costs of using networks once they are in place are
frequently prohibitive for citizens, businesses, universi-
ties, and other scienti¢c research establishments, and
schools.Measures are needed to introduce pricing struc-
tures that encourage greater use. For example, in the
DominicanRepublic, there is a promotional and recipro-
cal tra¤c agreement that provides for free connection of
the research and academic community to the public data
network and to the Internet. In Colombia, discounts for
use of the public data network of 15 to 35 per cent are
o¡ered to the higher education sector, and fees for some
connections to the Internet are reduced for these institu-
tions. Other ways of reducing the costs to the user may
include tax exemptions for selected user groups on net-
work usage or hardware or software purchases
(UNESCO 1996). Promoting second-hand markets in
userequipment,apractice commonamongstudents espe-
cially in universities in some industrialised countries,
and providing incentives for producers to o¡er content
for older ICTplatforms,mayhelpLDCs to build compe-
tencies in using new applications (d'Orville1996).
The costs ofusingICTs are generallydiscussed in terms of
infrastructure, hardware, network usage, and content.
There are additional `user' costs that also need to be
taken into account.These includemaintenance and hard-
ware upgrading, the costs of software andsoftwaremodi¢-
cation to user requirements, the costs of training and
skills development, and the cost of language training.
Although the costs of ICThardware are falling, the costs of
software development for many applications are rising
and they will continue to do so as systems applications
become more complex. This is a signi¢cant problem in
the industrialised countries (Quintas 1996). Cost reduc-
tion requires organisational and social knowledge of the
design and implementation process, as well as software
engineering skills, making it necessary to incur costs in
these areas. In addition, despite increasing competition
in themodes ofdeliveryof informationservices and enter-
tainment and education programming, the costs of
information are increasing. As information that has been
freely available to the user, for example, government
information, education products, scienti¢c information
held in public libraries, etc., begins to be converted to
digital form, it is often sold in the commercial market.
Although theInternet is agrowing source of `free' inform-
ation, there are moves to introduce many more electronic
commerce services. Information providers are seeking to
boosttheir revenues fromsales inglobal andregional`elec-
tronic markets'. The extension of intellectual property
rights to software andother informationproducts, includ-
ing compilations of multimedia products, also adds to
the cost of information for producers and users.
Box 6.1 - Alternative electricity provision in rural South Africa
Shortage of electricity is amajor deterrent to the use of ICTs,
and in rural South Africa this problem is addressed by two
particular projects. One is implementing digital telephone
services as digital `post o¤ce/telephone exchanges' in rural
areas and uses solar-panel generated electricity that is stored
in batteries.The other project introduces ICTs for enhanced
teachingandlearning in those schools that arenot su¤ciently
close to an electrical grid point to be connected to electricity
supply at an a¡ordable cost.Therefore solar power is used to
service the schools and their computing equipment. The
project aims to supply all 16,400 remote schools by the year
2000 (Butcher and Perold1996).
These factors leading to cost increases are complemented
bye¤ciencygains in termsoftime-savings,reduced trans-
portation costs, energy savings, and product and process
innovations. However, experience shows that these gains
donot accrueunless the organisational systemand institu-
tional infrastructure is consistent with the new ways of
working or learning that ICTs introduce. For LDCs this
means that a systematic approach to the introduction of
ICTs in key sectors of the economy and civil society is
essential to ensuring that the bene¢ts of networks,
services, and ICTapplications in the public and private
sectors outweigh the costs.
These considerations are important for the models
devised by LDCs to develop and implement ICTsystems
in ways that are responsive to their needs and priorities.
There isno`ideal-type'modelthatwill¢ttherequirements
ofeachcountry.However,asgovernments andother stake-
holders in the LDCs develop plans for strengthening
their national information infrastructures, three key
issue areas are important. The ¢rst, examined in section
6.2, is the infrastructure `access' issue.The second is the
`information content' issue (Section 6.3), and the third is
the capabilities or `skills base' issue (Section 6.4). Section
6.5 looks at the advantages of regional cooperation
between LDCs that is attempting to address these issues.
The ¢nal section looks at the linkages between these
issueareas andprocesses thatmayassistLDCs in selecting
their priorities.
6.2 The least developed countries and `access'
The countries classi¢ed as LDCs by the United Nations
General Assembly in 1995 are shown in Table 6.1. The
poverty of these countries means that there is an absence
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Table 6.1 - Least developed country indicators ranked by GDP per capita
GDP per capita
US $ 1995
Percentage of people
in absolute poverty
1980 -1990
Infant mortality per
1000 live births 1992
Percentage of popu-
lation with access to
safe water 1991
Telephone main
lines per 100
population 1995
Developed market
economy countries ***21598 n/a 10 99 ^
All developing
countries ***906 n/a 70 70 ^
Least developed
countries 376 n/a 113 51 0.93
Liberia n/a 20 146 50 n/a
Uganda n/a *80 111 21 n/a
Mozambique 80 59 167 22 0.33
Ethiopia 81 60 123 25 0.25
Somalia 101 60 125 37 0.17
Chad 119 54 123 57 0.08
Togo 121 *30 86 60 0.30
Afghanistan 133 53 165 99 0.12
Malawi 133 82 143 56 0.35
Burundi 138 84 108 57 0.27
Eritrea 144 n/a 123 n/a 0.48
Burkino Faso 147 *90 101 68 0.29
Sudan 160 *85 100 48 0.27
Rwanda 166 85 131 66 0.19
Niger 171 *35 191 53 0.15
Nepal 175 60 90 42 0.36
Sierra Leone 182 *65 144 37 0.37
Mali 190 54 122 41 0.17
Dem. Rep. of the Congo 195 70 121 39 0.08
Cambodia 207 n.a. 117 36 0.05
Guinea-Bissau 209 *75 141 41 0.88
Madagascar 209 43 110 23 0.24
Bangladesh 215 78 97 85 0.22
SaoTome and Principe 221 *50 65 n/a 1.91
Tuvalu 235 n/a 40 n/a 0.52
United Rep. of Tanzania 239 58 111 49 0.23
Haiti 257 76 87 39 0.84
Benin 278 *65 88 **55 0.52
Lao People's Dem. Rep. 281 *85 98 36 0.37
Central African Republic 295 *90 105 24 0.23
Equatorial Guinea 308 67 118 35 0.63
Zambia 323 64 113 53 0.82
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of `buyer power' in the potential ICT-usingpopulation. In
1995, per capita GDP ranged from US$ 80 in
Mozambique to US$ 1,319 in Myanmar. The reported
percentage of the rural population living in absolute
poverty varied from 30 per cent inTogo andYemen, to 90
per cent in Burkino Faso, Bhutan, and the Central
African Republic. Where the percentage of the whole
population living in absolute poverty is reported, the
¢gures ranged from 20 per cent in Liberia to 85 per cent
in Rwanda.The infant mortality rate per 1000 live births
ranged from 27 in the Solomon Islands to 191 in Niger.
All but eight of these LDCs have higher rates of infant
mortality than the 70 per 1,000 live births average for all
developing countries. The percentage of people with
access to safe water varied from 21 per cent in Uganda to
99 per cent in Afghanistan. Once again, only eight coun-
tries exceeded the average of 70per cent for all developing
countries.
Thepenetrationrates for telephonyarealso showninTable
6.1.Catchingup fromaposition of as fewas0.05 telephone
main lines per 100 population in Cambodia or just under
5.68 in Cape Verde is an enormous investment challenge.
This is especially so when the income levels of major
segments of the population are extremely low and many
people are living outside the money economy.
These indicators illustrate that people in the LDCs need
`access' to many things - medical facilities, water and
other resources, jobs, and money.Where should `access'
to the telephone or the Internet be placed on the list of
priorities for development? How important is it to link
into the global information infrastructure, to acquire
`digital literacy', or to develop indigenous electronic
information resources? What emphasis should be given
to using ICTs to modernise manufacturing processes or
public and private sector management decision-making?
What emphasis should be given to using ICTs to address
health, education, environment, and other problems?
LDCs, like other countries, need to build the capabilities
to assess and evaluate their own priorities and to devise
strategies that are responsive to their development goals.
The weight of evidence shows that developing countries
run very high risks of social and economic exclusion if
theydonot take steps to implement anational information
infrastructure. For LDCs there is less evidence upon
which to base a conclusion. However, experience of ICT
applications appears to indicate that, under the right
circumstances, the bene¢ts of investment in ICTs can
outweigh the risk that scarce resources diverted from
other development problems will worsen conditions.
This will be so, however, only if the circumstances are
right, that is, if the emphasis is placed on people ¢rst;
their needs and concerns.
`Knowledge societies' will bring the need for new models
for ICTaccess, information generation, sharing and use,
Table 6.1 continued - Least developed country indicators ranked by GDP per capita
GDP per capita
US $ 1995
Percentage of people
in absolute poverty
1980 -1990
Infant mortality per
1000 live births 1992
Percentage of popu-
lation with access to
safe water 1991
Telephone main
lines per 100
population 1995
Bhutan 331 *90 131 34 0.62
Gambia 337 *85 133 77 1.78
Comoros 422 *50 90 69 0.85
Lesotho 447 54 108 47 0.90
Mauritania 451 *80 118 66 0.41
Kiribati 485 n/a 60 73 2.60
Guinea 531 *70 135 53 0.16
Congo 594 *65 170 41 0.81
Solomon Islands 674 *60 27 61 1.73
Djibouti 817 *70 113 84 1.31
CapeVerde 880 *40 44 74 5.68
Samoa 933 *60 45 82 4.70
Vanuatu 1,070 n/a 65 71 2.49
Maldives 1,092 *40 56 69 5.67
Yemen 1,217 *30 107 36 1.24
Myanmar 1,319 35 83 32 0.32
Note: * Rural population, ** nearest year to column heading, *** 1993
Source: Compiled fromUNCTAD (1995b), and ITUSTARSDatabase (1996).
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and capability building. Each of theLDCs faces the chall-
engeofdevelopingthenational information infrastructure
fromaverydi¡erent startingposition andwithvery di¡er-
ent capacities to attract external ¢nancing.The quantita-
tive characteristics of the network access gap between
LDCs and the industrialised countries are examined in
Chapter 2 of this report at the aggregate national level.
This section considers whether networking technologies
- the Internet and its applications - will begin to reduce
the `access' gap for LDCs.
Box 6.2 - Connectivity in Africa
] NGONET provides e-mail access via Fidonet throughout
Africa.
] ESANET (Eastern Southern African Network) links
researchers in eastern and southernAfrica by e-mail.
] HealthNet, a satellite network for exchange of medical
information developed by Satlife (US).
] PADISNET (Pan African Documentation Centre
Network), a data and information exchange for planners in
34 countries.
] WEDNET is a women's project network for the manage-
ment of natural resources.
] MANGO(MicrocomputerAccess forNGOs)is an electro-
nic billboard in Zimbabwe.
] ARSENATE is a Fidonet network supported by Canadian
InternationalDevelopment Agency.
] CABECA (Capacity Building for Electronic
Communication in Africa) is funded by the International
Development Research Centre and implemented by the
Pan Africa Development Information System of the
United National Economic Commission for Africa
(UNECA).
] RINAF (Regional Informatics Network for Africa) is
supported by UNESCO's Intergovernmental Information
Programme and ¢nanced by the Italian and Republic of
Korea governments.
] COPINE (Cooperative Information Network Linking
Scientists, Educators and Professionals in Africa) is
fundedbytheUNO¤ceforOuterSpace to support satellite
network connectivity.
The Internet's explosive growth is a very important
`driver' of the global information infrastructure vision. In
the OECD countries a strong association has been found
between telecommunication market liberalisation,
competition, and growing numbers of Internet Access
Providers and users. For example, Finland led the world
in January1996with 41.2 Internet hosts per1,000 inhabi-
tants (as compared to the United States with 23.5, and
Mexico with 0.2). In Finland and the United States there
are competitive prices for the use ofwell-developed infra-
structures. In Mexico, market liberalisation is beginning
to take e¡ect (OECD 1996c). From this experience it
could be assumed that LDCs would see substantial
growth in the use of the Internet if they opened their
markets to competition and introduced a radical restruc-
turing of prices for network access and use. However,
market liberalisation on its own is unlikely to spark the
massive increases in Internet use that have occurred in
the industrialised countries and some of the newly indus-
trialising countries. Several additional factors need to be
addressedincludingthe relevanceofthe information avail-
able on the Internet (see section 6.3).
First, in many LDCs there is diversity in the public and
corporate networks and protocols already in limited use.
Second, the base of installed PCs is generally not current
generation technology. These two factors raise network
interoperability and interconnection issues. These need
to be addressed through policy measures with respect to
standardisation and procurement speci¢cation for net-
work operators. This means that regulatory authorities
must possess an adequate amount of technical knowledge
and that there need to be incentives for cooperation
among all those who are responsible for managing
networks.
Second, the lower prices resulting from competitive pres-
sures still must be high enough to provide a commercial
return to private sector information providers. These
prices may be out of reach for potential users in already
marginalised segments of the population.Third, in some
countries moral and ethical traditions encourage govern-
ments to suppress access to the World W|de Web using
`intelligent agents' and to control the use of various kinds
of bulletin boards and Internet-based discussion groups
(see Chapter10).
The mix of network providers o¡ering connectivity in
African countries is shown in Box 2. The history of the
build up of these networks using di¡erent protocols is an
illustration of the ¢rst point. Until the end of 1995, the
majority of African countries were relying on non-
governmental organisations (NGOs), such as GreenNet
in London, for Internet access (with basic FIDOnet -
store and forward - networking technique) (Holderness
1998 forthcoming).
Public telecommunication operators in a number of
African countries (Benin, Central African Republic,
Djibouti, Mauritius, Madagascar, Senegal, and South
Africa) are establishing full Internet services, and others
are in the preparatory stages (Angola, Ethiopia, Gambia,
Gabon, Guinea, Mali, Sierra Leone, Tanzania, and
Zimbabwe) (Jensen1996
a
).NGOs continue to be import-
ant providers of minimal communication facilities, but
commercial Internet Service Providers are beginning to
establish a base in some of the larger cities in Africa
(Holderness1998 forthcoming).Table 6.2 shows the types
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Table 6.2 - Electronic networks in Africa
Country FIDO
2
Hnet UUCP
3
Co. IP Comm. IP
Algeria x x x
Angola x
Botswana x x x x
Burkina Faso x
Cameroon x x x
CAR x
Chad x x
Dem. Rep. of
the Congo
x x
Ivory Coast x x
Egypt x x
Eritrea x x x
Ethiopia x x x
Gambia x x
Ghana x x x
Guinea x
Kenya x x x
Lesotho x x x
Madagascar x x
Malawi x x
Mali x x x
Morocco x x
Mozambique x x x x
Namibia x x
Niger x
Nigeria x x
Senegal x x x
Seychelles x
South Africa x x x x
Sudan x
Swaziland x x
Tanzania x x x
Togo x
Uganda x x x
Zambia x x x
Zimbabwe x x x
Note: Fidonet = public store and forward network, the largest user base in Africa; Hnet =
HealthNet, Fido based system supported by SatelLife; UUCP = store and forward using
packet switching in many French speaking countries; Co.IP = CooperativeTCP/IP for uni-
versities and other cooperative institutions; Comm. IP = full Internet Protocol connections
for profit.
Source: Adam (1996), updated for1997.
of protocols and network providers supporting connec-
tions in African countries during 1996 (Ajayi 1995). Full
Internet connections were available in only a very few
countries meaning that use of applications, such as the
World W|de Web, was very restricted. The number of
e-mail hosts in Africa in 1996 was also relatively small
(Holderness1998 forthcoming).
1
Box 6.3 - Falling behind again?
Internet II, a Very-High-Performance Backbone Network
Service (vBNS), is sponsored by the National Science
Foundation and is being built by MCI. The new network
will operate at 622 Mbit/s (Gallivan 1997). In October 1996
the Internet II initiative was launched by 34 universities
concerned about the privatisation of the existing network,
its congestion, and its inability to continue to support world
class research (Peters 1996). Partnerships with government
agencies and the private sector, including IBM, Cisco
Systems, AT&T,MCI and SunMicrosystems are at the core
of the initiative tobuildan end-to-endbroadband infrastruc-
ture among the participating universities. The aim is to
introduce a commonbearer service to support newand exist-
ing services and provide the capability to tailor the network
to speci¢c applications (Nairn1997a).
A study in1996 showed that the growing feasibility of full
Internet connectivity has not been generating substantial
interest. At that time the number of estimated users was
small as compared to the explosion of Internet activity in
other regions of the world. For example, in Ghana,
Morocco, Algeria, and Uganda there were less than 100
users, in Zimbabwe andMozambique less than 300 users
each, in Zambia there were 380 users, inTunisia 310, and
in Egypt about 900 users (Adam1996).
While theLDCs strugglewith absent or inadequate infra-
structure and user equipment, theUnited States is racing
ahead with the next generation infrastructure to support
advanced ICTapplications. For example, the design and
implementation of Internet II is getting underway (see
Box 6.3). While one part of the world begins to build
highly sophisticated`nextgeneration' Internets and appli-
cations, large parts of the world are struggling to achieve
full connectivity to `¢rst generation' networks to support
telephony or basic e-mail connections often using older
generation PCs and software.
The a¡ordability of services o¡ered on a commercial basis
is the second major factor for LDCs to consider in the
`access' context. Even where networks are accessible, they
may simply be una¡ordable, even for professional people,
as illustrated by the prices for subscriptions in Ghana
(see Box 6.4).
In developing country regions such asLatinAmerica and
the Caribbean, Internet usage growth rates have been
among the highest in the world since full Internet access
was established in 1994 with Organisation of American
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States assistance (Bourdeau et al. 1996). However, the
costs of accessing and using the Internet are not as low as
they could be because many Internet Access Providers
are located outside the countries. For example, Jamaica's
main access route to the Internet is through Internet
Service Providers in the United States, resulting in high
access rates (Bennett 1995).This phenomenon is charac-
teristic of many other developing countries.These coun-
tries are discussing arrangements for reducing the costs
by `cashing' information at Internet sites within their
regions and by negotiating new Internet interconnection
arrangements with providers based mainly in the United
States. If the LDCs are to reduce costs arising from the
geographical con¢guration of their access arrangements
theywill need to do so on a regional andcoordinatedbasis.
Box 6.4 - Affordability of Internet access
InGhanain theSpringof1995therewereonlyten14,400kbit/s
leased lines linked to the United Kingdom costing about
US$ 7,500 per month each. One was used by the interbank
clearing system, SWIFT, and another by the air-tra¤c
control network, SITA. By early 1996, a private network
computer systems host in the capital cityhad140 subscribers
paying US$ 1,300 each a year - the annual income of one
Ghanaian journalist.
4
In general, the overall use of ICTs remains very limited in
the LDCs. In Ethiopia, for example, the application of
ICTs in the health sector is localised mainly in libraries
that are using CD-ROMs for database searches. Infra-
structure constraints limit information sharing among
organisations and e-mail exchange is very di¤cult. New
applications are outof reachdue to cost, absence of appro-
priate infrastructure, or the specialised capabilities neces-
sary for their e¡ective use. There are severe shortages of
up-to-date, relevant information sources, and skilled
employees, coupledwith inadequate infrastructure. As of
1996, access to international networks was only available
to a few specialised networks with a limited number of
users.These included SITA, the airlines cooperative net-
work, and the 1,000 e-mail users connected through the
Pan African Development Information System (PADIS)
usinga telephone-basedFIDOnet store andforward tech-
nique (Alemu1996).
6.3 The least developed countries and
information content
The extent to which national information infrastructures
o¡er access to useful information for LDCs depends on
the type of information that is accessible and a¡ordable
from a variety of electronic sources. The Internet is a
potential outlet for governments and other stakeholders
in the LDCs to `publish' information and share the
results of ICTapplications.There is a growing number of
sites with information aboutLDCs.
A search of theWorldW|deWeb in mid 1997 for pages of
information concerningLDCs suggests that this mode of
information exchange has yet to become a source of
information produced by businesses, citizens, or govern-
ments in LDCs about their own experiences. Many
information pages are produced by observers from other
countries or by intergovernmental organisations.Where
information is provided by governments and others
within LDCs (in this sample), it is top level information
of a very generic nature, frequently o¡ering basic contact
information for government departments, or tourism
information likely to be of interest to external searchers.
The links to more detailed information are often `dead'or
they link the `surfer' to very outdated sources of inform-
ation. In addition, many of the commercial sites are
managed byWebmasters in theUnited States, theUnited
Kingdom, or Australia.Those sites originating in LDCs
tend to contain outdated information.Table 6.3 illustrates
the characteristics of some of theseWeb sites.
5
If people are to use indigenous and external sources of
digital information to contribute to lifelong learning and
to implement ICTapplications that alleviate development
problems in the LDCs attention must focus on the needs
of the information user and on the types of information
that are becoming available as a result of commercial activ-
ity and public sector initiatives. In the education ¢eld in
the United States, the home education software market
was estimated in1996 to be worthUS$ 1.4 billion and the
school courseware market was estimated at US$ 290
million (McKinsey & Company 1996). However, e¡orts
to use digital stand-alone or networked distance learning
products in the LDCs encounter problemswith language
teaching, di¡erent pedagogical methods, diplomas and
curricula, and legal problems concerning copying and
use of audiovisual materials (UNESCO1996).
Librariesprovide apotential source of informationof local
relevance for LDCs but there are very few libraries, espe-
cially on a per capita basis, and so access is limited.
Mobile libraries provide one solution and `global digital
libraries' are being discussed. Current e¡orts include
those by the Global Information Alliance of the
International Federation for Documentation, a proposed
`GlobalDigital Library Initiative' under consideration by
the International Federation of Library Associations and
Institutions, and the G7 pilot project, Biblioteca
Universalis (UNESCO 1996). Telecentres that are
networked with libraries o¡ering information and media
access, social services such as education and telemedicine,
and fora for public discussion and meetings of business
people, could help to address the `information content'
challenge (UNESCO1996).
Sources of information include the existing stocks of
books, databases, and ¢lms that potentially could be
made available via electronic information services
although the costs are considerable.TheUNESCOWorld
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Table 6.3 -World Wide Web pages with LDC information
Country Type of Information Source of Information Comment
Afghanistan Travel/tourist information External, private sector US
Aid organisations French NGO
Human rights Amnesty International
Local governance UN Office for Project Services
War history Afghan andUSArmy
Bangladesh Bangladesh Online
Government information
Proshika Computer Systems - NGO Contact links to government
departments and contact details.
Bhutan Gov./politics/society AsiaworldUK `Dead links'
Thunder DragonKingdom of Bhutan Personal website
Cambodia (Kampuchea) Khmer Neutral Party Political party
CambodiaTimes on the Net Newspaper publisher Only 3March, 17-23March 97
Human rights UN Economic & Social Council February1996
Human rights Human RightsWatch/New
Cambodian Press Law
September1995
Internet `Dead link' to information
Haiti Newspaper scanned information University of Florida
Kiribati Basic facts and statistics TohokuUniversity Last updated June1996
Who'sWho inTelecommunications Some information `not available'
Laos Government information `Dead link'
Transportation `Dead link'
Communication `Dead link'
Human rights Lao Human Rights Council, US
Teaching English NGO
Maldives General information,Tourist
information
UN, UNICEF
Myanmar General information AsiaWorldUK
General information University of Tokyo, Japan
Nepal General information NGO
Project listings NGO
Nepal Report to UNCED NGO
Tourist information Mainly US sources
Samoa General government and tourist
information
Website of American Samoa
Government
Solomon Islands Tourist information CCC Inc.
GovernmentMedia Press RossMiningWeb Site
Tuvalu Various tourist, general information Commonwealth OnlineWebmaster,
UK
MicrostateMicronesia
Sustainable development interchange
Microstate Network Inc. US
Vanuatu General country information and
comment on impact of broadcasting
Vanatu On Line
Content by a Canadian
September1996
Yemen General information ArabNet
Public counter telecoms service
information
General People's Congress
and TeleYemen
Asian Countries Asian StudiesWWW Virtual Library Maintained by Australian National
University, network of Asian,
Australian, andUS institutions
Source:VariousWWW sites, July1997.
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Information Report 1997/98 o¡ers a comprehensive region
by region survey of archival, library, and information
services and databases produced by countries throughout
the world.The capacity of many LDCs to publish in the
print medium information that re£ects their cultures,
their technological, economic and political histories, and
their current problems, is limited. For example, in 1993
the number of books published in the United Kingdom
was1,490 per1million inhabitants.The equivalent ¢gure
for Ethiopia and Senegal was ¢ve, four for Mozambique,
21 for Ghana, and V|et Nam produced 27 books per 1
million inhabitants (Dumort and Dryden 1997 based on
UNESCO data).
In terms of book titles in the science and social science
categories re£ecting the scienti¢c and technical research
capabilities of LDCs, available data show that while India
produced 7,465 titles in 1991 and Thailand 5,167 titles in
1992, Pakistan produced only 32, Brunei Darussalam 13,
andLao (P.D.R.) 22.
6
In thecentral andeastEuropeancountries the information
generated in the science and technology ¢elds is relatively
well developed.Table 6.4 shows the number of electronic
information services produced in the region in 1993 and
1995.The number of databases compares well with those
produced in the European Union but many are not
comparable in terms of quality and data reliability. Most
of the databases included in Table 6.4 are produced by
small out¢ts which has a negative a¡ect on quality, and
makes it di¤cult to maintain the continuity of data sets.
In 1995 only 16 per cent of the 2,936 databases could be
accessed on-line and more than 80 of the databases were
marketed only locally. Although the telecommunication
systemis improving, the costof the scienti¢c and technical
information has increased signi¢cantly since a price
system was introduced. The 429 on-line databases are
produced by 118 vendors, the biggest of which are
Russian, Hungarian, Czech, and Bulgarian. Only one
host,VINITIinMoscow,providesmore than30 databases
and these are accessible via the Internet.
7
Table 6.4 - Electronic information services in Eastern
Europe and the Commonwealth of Independent States
1993 1995
Vendors 145 118
Producers 779 1146
Electronic media/databases 1,918 2,936
Source: UNESCO (1997).
Print is onlyone of severalmedia that capture the cultural,
scienti¢c, and technological history of countries. Audio-
visual media record musical performances, oral histories,
news, and current a¡airs. Audiovisual materials include
visual recordings and sound recordings and are produced
using a very wide range of formats and playback systems
causing incompatibility problems. It is important to
note, however, that the life expectancy of these materials
is dependent on chemistry, and storage and handling
conditions.Preservation andconservationareverycostly.
8
Print based materials, electronic databases, and audio-
visual materials are all sources for the development of
multimedia products. These are regarded by many as
providing the foundation for new modes of interactive
learning in the next century.The concept of multimedia
goes back as far as 1945 when it was introduced in an
article by Vannevar Bush.The idea was extended in 1963
in the form of NLS (oNLine System) by combining
concepts of hypertext with other computing tools.
9
Multimedia extends the idea of hypertext to all forms of
material that can be digitally encoded for storage and
retrieval using a computer system including images,
sound, graphics, and animation. Multimedia products
includeCD-ROMtitles.Although the software and hard-
ware tools for production are declining in cost, they are
still not cheap from the standpoint of the LDCs (for
example, Macromedia's Director software costs about
US$ 900; a PC Pentium multimedia system ranges from
US$ 1,500 toUS$ 4,000 in theUnited States). In order to
work with many CD-ROM titles a reasonably powerful
PC is necessary.
10
Other costs include payments to copy-
right holders for use of copyrighted materials in order to
produce compilations, whether in multimedia or single
electronic medium format.
Excitement about the potential of multimedia and other
computer-based products and services in connection
with the global information infrastructure is intense.
This is because, if the high capacity highways can be put
in place (with`o¡-ramps'), all these products, in principle,
could be distributed worldwide, regionally or locally
using the digital `information highways'.The Internet has
navigation tools such as Yahoo!, Lycos, WebCrawler,
OpenText, AltaV|sta, Inktomi, InfoSeek, and Magellan,
which o¡er free access to top level information, or charge
on a subscription or per-search basis. In industrialised
countries the costs of information are often subsidised by
universities or covered by advertisers using a `broadcast'
model.However forLDCs,even ifa reliable telecommuni-
cation system were to exist together with a software
support system,theInternet and its information resources
may be inconsistentwith their rhythms of life.
11
In contrast to the visionary expectation that national
information infrastructures will enable people to use
locally produceddigital products and avast stock of exter-
nal information, the reality is very di¡erent in many of
the LDCs. For example, in January 1996 there was one
Internet host in Ethiopia compared to the 6,053,402
hosts in the United States, 22,769 hosts in Singapore,
2,351 in Indonesia, 93 in Zimbabwe, and 58 in Uganda
(UNESCO1997).
For most of the rural community in Ethiopia, radio and
televisionbroadcasting are themajor means of communi-
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cation.The di¡usion of radio and television sets in 1991-
1992 was estimated at 7.2 per100,000 inhabitants and 0.4
per 100,000 inhabitants, respectively. As an economy
based on agriculture, access to information is needed to
increaseproductivityinEthiopia.Specialisedlibrary data-
bases have been introduced, but these tend not to be up-
to-date and are of limited use due to the lack of sta¡ train-
ing. Although indigenous capacity for generating specia-
lised agricultural information is growing, this is
hampered by the absence of linkages betweenR&D activ-
ities and information services. Remote research stations
are particularly limited in their access to information and
electronic communication. Similarly, the health sector
requires much better access to scienti¢c information
(Alemu1996).
In Tanzania, a national science and technology database
has been created for researchers, planners, academics,
and entrepreneurs. An e-mail node in Dar es Salaam is
supporting e¡orts to implement e-mail and Internet
connections to improve communication between institu-
tions within and outside the country. In Nigeria a project
called COPINE (Cooperative Information Network
Linking Scientists, Educators, Professionals and
Decision-Makers in Africa) is helping to improve the
collection, transmission, distribution, and exchange of
information. Twelve African countries are collaborating
with ¢ve European centres in this project (UNCSTD
1997b).
There are many other initiatives to create databases rele-
vant to development issues. For example, the United
Nations University Institute for New Technologies
(UNU/INTECH) inMaastricht, has developed a global
technology and economic development (GLOB-TED)
database containing entries for indicators in over 130
industrialised and developing countries.The data mainly
concern foreign direct investment and licensing activities
for foreign ¢rms in developing countries. It is expected
that eventually the database will be accessible externally.
Other information sources include the Zero Emissions
Research Initiative (UNU/ZERI) initiative and the
Integrated Biosystems Network run by the United
NationsUniversity inTokyo enabling210 experts to parti-
cipate in debate. The UNU International Institute for
Software Technology (UNU/IIST) provides software
development and postgraduate training and fellowships
for advanced software projects including design tech-
niques for real-time, reactive and hybrid systems, railway
computing systems,manufacturing industry information
and command infrastructure systems, multilingual script
systems, air tra¤c control support systems, and digital
multiplexed telephone systems. In1996, eighteen courses
were organised in Macau, China, V|et Nam, India, the
Philippines, Mongolia, Belarus, Russia, Romania,
Poland,Brazil,Argentina, andGabon (UNCSTD1997b).
In Bolivia there was no public support for the creation of
information networks and no access to the Internet in
1995. By 1996 access to the Internet was provided
through the intervention of the National Council and
networks such as the Sustainable Development Network
providingenvironmental information(UNCSTD1997b).
These illustrations demonstrate that, despite di¤culties,
ICTs are enabling more and more information, especially
with regard to science, technology, and the economy, to
circulate via electronic means. However, these develop-
mentsbringbene¢ts andrisks.The information generated
by satellite remote sensing and geographical information
systems in Africa o¡ers an illustration which emphasises
the importance of assessing the social and economic
impact of innovative information systems. Assessment is
neededfromtheperspective ofasmanyofthe stakeholders
who may be a¡ected by the new systems as resources
permit. Questions need to be asked not only about the
direct e¡ects of the systems but also about the pervasive
impacts on the social and political fabric of society.
The ¢rst column inTable 6.5 shows the upward trends in
the sophistication of ICTs and the decreasing costs. The
e¡ects of these trends are shown in the second column.
Columns three and four highlight some of opportunities
and the risks associated with these technological and
economic trends.The bene¢ts take the form of improve-
ments in planning to alleviate famine and in managing
ground water reservoirs and energy use. But the use of
these systems also brings the risk that, by virtue of better
access toremotelysenseddata andcapabilities for analysis,
foreign ¢rms may exploit this knowledge to their own
economic bene¢t and to the disadvantage of LDCs.
Access to remotely sensed data may also support govern-
ment surveillance activities that are not in the interests of
citizens. The adoption of ICT applications means that
information becomes an even more important social and
economic resource because of its improved timeliness,
quantity, orquality. It bene¢ts thosewhohave the ¢nancial
resources and knowledge to use it e¡ectively.
Information sharing is occurring in LDCs to raise aware-
ness about environmental problems in Africa. For
example, the UN Institute for Training and Research
(UNITAR) is encouraging Internet discussion groups
where members share remotely sensed data and the
analyses produced by geographical information systems
and other sources.Training on the use of these systems is
also provided using specially designed software for exer-
cises and case studies (UNCTAD1997).
InSub-SaharanAfrica, ICTapplications are beingused to
disseminate policy-related information and to share tech-
nical information on, for example, the use of a geographic
information system for mapping malaria in Africa
(Council for Scienti¢c and Industrial Research1996).
Building new capabilities for using ICTs e¡ectively
involves a recognition that information is about people
and that the information infrastructure is about hardware,
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software, and organisation.Themost important and di¤-
cult issues are often as much about knowledge, inform-
ation content, and values, as about the detailed technical
design of ICT systems (Nostbakken and Akhtar 1995;
Gilbert et al. 1994).Technology selection leads to priority
areas for action but this requires technical andmanagerial
skills and organisational learning. User-oriented strate-
gies (including early, low-cost experience by large parts
of the user community) are essential to building a critical
mass of local users who can trigger a cumulative learning
process within the LDCs.
6.4 Enhancing the skills base
The use of ICTs to support development goals does not
needtobeconsideredonlyin termsofthe extensionof tele-
phony networks to every household. Alternative modes
of access may be preferable in some circumstances and
the choice of radio, television or telephony as a means of
Table 6.5 -The contribution of ICT tools to sustainable development
Trend Examples of effects Examples of opportunities
related to these effects
Examples of risks related to
these effects
Sensors improve data
acquisition
Remote sensing provides data on large
scale land use.
Improved planning as in the African
Famine EarlyWarning System.
Foreign mining firms through
greater mastery of technology
will have greater knowledge of
mineral resources, andwill
exploit that advantage unfairly in
dealing with developing
countries.
Sensors available to provide industrial
process control data.
Improved process control for least
developed country industry, and thus
higher productivity, better quality
products, and less waste.
Industrialised countries through
greater mastery of the
technology will gain commercial
advantage over developing
countries in manufacturing.
Lower cost of
computation
Design automation costs are reduced. Taking advantage of cost reductions
to improve design and thus
improving manufacturing efficiency,
improving product quality, and
improving customer satisfaction.
ICTadvantage of industrialised
countries centralises design
activity in these countries.
Computer analysis more affordable,
allowing more complex problems to be
solved and more accurate
approximations to be made.
More accurate analyses ofwater
management issues such as
exploitation of groundwater
reservoirs or management of river
waters.
Improved analytical capacity
used for inappropriate purposes,
such as improved logistic
management for coercive
government actions.
Simulation more affordable. Improvedweather and climate
prediction through application of
greater computer power (and
improved data).
More accurate simulations allow
for greater manipulation of
public opinion for anti-
democratic purposes.
Lower cost point-to-
point communication
Development of the Internet and
Intranets.
Improved enterprise efficiency
achieved by taking advantage of
improved communications.
Countries destabilised by
minorities who utilise the
Internet for subversive purposes.
Reduced cost and size
and greater resistance to
adverse conditions in
microprocessors
Application of electronic control in
motor vehicles, equipment control, etc.
Improved energy and resource use
efficiency, as motors run more
efficiently, irrigation controllers
make more efficient use ofwater, etc.
Increased military spending if
military forces are able to capture
a greater portion of GDP to take
advantage of these technological
opportunities.
Lower cost and greater
power of information
storage and retrieval
Paperless office. Improved access to electronic data
will improve management of
enterprises, natural resources, etc.
Countries with low capital to
labour ratios will fall behind
technologically because they will
not be able to capture the
benefits of automated data
storage and retrieval as well as
richer countries.
Improved human
machine interface
Greater user access to computational
power, electronic communication, and
information.
Reduced demands on human
resource development for dealing
with information technology, and
greater effectiveness of ICTusers at
whatever level of training possible.
Increased deleterious cultural
impact of ICTs in some
countries.
Source: Daly (1997).
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connection of citizens to networks of information is
dependent on each country's circumstances. The skills
base that is built up must be compatible with the mix of
ICTs available andprovide abasis for continuous learning.
It is helpful to drawdistinctions betweengeneric skills and
three speci¢c types of skills that areparticularly important
and relevant for the LDCs (Enos1996).
] Participatory skills are necessary for involvement in
networked communication and information sharing.
These incorporate computer literacy and £uency in the
English language for use of the Internet, databases, and
most software until more content is provided in local
languages. Although there is considerable variability,
English is widely spoken in these countries; it is used as
the instruction language in schools for at least part of
the population or for some subjects such as science and
engineering.
] Facilitating skills for the design, implementation, and
maintenance of networks involve a number of essential
technicalskills for installation,user training,andmainte-
nance. In addition, software and computer systems engi-
neering skills are desirable. As these skills demand
£uent English in order to cope with the technical
aspects and informational potential of the equipment,
they constitute the greatest barrier for LDCs. Even
more emphasis needs to be placed on vocational training
to provide a large number of people with the ability to
ensure the functionality of networks.
] Finally, control skills imply the allocation of funds for the
acquisition of appropriate ICT equipment in order to
manage access to networks in some countries to achieve
public or private control. As these skills are based on
the authority of governments rather than on speci¢c
training, this places fewer constraints on the existing
skills base of least developed countries.
Much of the responsibility for enhancing the skills base in
LDCs falls to the public sector. The provision of an
adequate education system to compensate for the lack of
informal learning opportunities and to provide the neces-
saryparticipatoryandfacilitatingskillsbasewith technical
and English language quali¢cations is becoming increas-
ingly important. Bottlenecks are often experienced due
to the high demand for facilitating skills from the private
and public sectors. The public sector may not be able to
attract technical personnel and may be dominated by
senior o¤cials, leading to a `brain drain' to the domestic
private sector.
Another factor to the advantage of LDCs is the age struc-
ture of the population and the presence of a signi¢cant
number of younger people who are very adaptable
(Patterson 1995). In many LDCs and smaller or island
developing countries, there is a high proportion of
skilled young professionals who have substantial innova-
tive potential. However, as these younger workers acquire
skills that are in demand in the industrialised countries,
there is a risk of a `brain drain' from developing to indus-
trialised countries placing additional pressure on the
educational infrastructure in developing countries.
The low level of skill availability in some countries forms
part of a vicious circle whereby local contracts, commis-
sioned mainly by the government as, for example, in
Jamaica and Brazil, are given to outside experts rather
than to local businesses (Hamilton 1995; Barros 1998
forthcoming). This is often due less to the absence of
local capabilities, than to the restrictions imposed by
lending agencies. The result is that local businesses are
missing out on the opportunities as they arise. It may be
possible to commission nationals living outside the
country thereby enhancing opportunities for knowledge
and expertise to be shared more e¡ectively among a close
community of professionals.
The experience of vocational training in Southern Africa
illustrates some of the problems and options for building
the skills base in LDCs. The lack of adequately trained
people to meet demand is experienced by all member
states of the Southern AfricanDevelopment Community
(SADC).Theproblem is compoundedbythe lackof capa-
city within member states to develop the human resource
base to meet this demand.
At the tertiary level of education, undergraduate pro-
grammes in computing are o¡ered by universities and
colleges in the majority of member states, either as a
single subject or in conjunction with another subject,
such as mathematics or statistics. Typically, the aim of
theseprogrammes is toprepare graduates for employment
as computing professionals, taking responsibility for the
analysis, design, and management of computer-based
information systems. In a number of member states sus-
taining these programmes has proved di¤cult due to the
relatively high cost of acquiring and maintaining up-to-
date ICT equipment, and the poor remuneration of
computing professionals in the public sector.
The relevance of these programmes can also be ques-
tioned. They are modelled on the undergraduate pro-
grammes in computing o¡ered by universities and
colleges in western Europe and North America. The
programmes tend to focus on the technologyand, in parti-
cular, on the design and implementation of software to
control hardware components. They do not focus su¤-
cientlyon the use of the technology tomeet organisational
needs.Thusgraduates of these programmesmaybe inade-
quately prepared for employment because they lack
experience in the design of computer-based information
systems that use readily available PC software packages,
such as spreadsheets and databases. They also may have
little or no understanding of the socio-political context
withinwhich these information systemswill be used.
Rather than importing undergraduate programmes from
western Europe andNorthAmerica with aims and objec-
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tives that are more consistentwith the needs of industria-
lisedcountries thanoftheLDCs,itmaybemore appropri-
ate to devise programmes with aims and objectives that
clearly address local requirements. Because of the lack of
adequate resources it is also unlikely that graduates of
other programmes will have been able to acquire compe-
tence in ICTs su¤cient to access, analyse, and disseminate
information.W|thout additional training,non-computing
professionals will lack the experience and con¢dence to
use ICTs as a tool in activities such as planning and
management.This is particularly problematic for gradu-
ates of programmes in subjects such as business adminis-
tration and public administration who will be expected to
manage informationwithin organisations.
Box 6.5 -Vocational training for ICTs in Malawi
Between 1989 and 1993, the Overseas Development Agency
(ODA)fundedaproject to strengthen the teachingof compu-
ter science in the University of Malawi. A British Council-
funded academic link in computer science was established
betweenMalawi and theUniversity of AbertayDundee.The
aims of this linkwere to increase the understandingof techni-
cal and non-technical constraints to the use of ICTs within
the government, NGOs and small business sectors so that
ICTs could be more e¡ective in these sectors to enable users.
The goal was to make use of ICTs for the retrieval, analysis,
and dissemination of information through the provision of
short courses,andtoprovide relevant andappropriate educa-
tion experiences in the use of ICTs to undergraduate
students (both computer science majors and non-computer
science majors).
Box 6.6 - ICTs in Papua New Guinea
The correspondence education system inPapuaNewGuinea
which covers small numbers of students, makes only very
limited use of ICTs in its teaching programme.
Nevertheless, audiocassettes are available to accompany the
printed study material. The two institutions running this
programme rely heavily on study centres where tutorials
take place at ¢xed times and assignments are submitted.
Rural areas are not covered well by the distribution of study
materials or study centres (Laaser1998 forthcoming).
At the primary and secondary levels of education there is
very little provision within the state sector, re£ecting the
low level of resources available in many member states to
support universal access toprimaryand secondary educa-
tion. The majority of school leavers are unlikely to have
encountered ICT equipment during their schooling,
much less tohave acquired the competence tousePC soft-
ware packages, such as word processors, to prepare even
the most simple document. While the situation may
change over the next ¢ve years as a result of a UNESCO-
funded project to place ICTequipment in state secondary
schools, the competence of secondary school teachers to
integrate the use of ICTequipment into the curriculum
will be crucial.This competence will itself depend on the
provision of sta¡ development for existing teachers and
the revision of teacher training programmes to include
the use ofICTequipment as amediumfor teaching, learn-
ing, and assessment (see, for example, Box 6.5).
Vocational training in the use of speci¢c ICTequipment is
available in all member states, typically through the
vendors ofICTequipment.Attendanceatvocational train-
ingcourses is popular as possessionofcerti¢cates of atten-
dance is often regarded by the possessor as a means
towards career progression. Unfortunately, lack of aware-
ness among somemanagersmay lead to unrealistic expec-
tations that competence in the use of speci¢c ICT
equipment is su¤cient for analysing and designing
computer-based information systems.The quality of the
training provided varies considerably depending on the
resources available to support such training. For
example, the currency and the quantity of the ICT equip-
ment and the competence of the trainers to deliver
courses e¤ciently and e¡ectively, a¡ect the relevance of
the training tomeet the needs of employers and the result-
ing competencies of those who have attended such
courses.The variable quality of vocational training avail-
able in the SADC member states has been a considerable
problem for the public sector.
The SADC Council of Ministers agreed in 1994 that
member states should be encouraged to work towards a
community-wide scheme of certi¢cation of the non-
academic providers of training courses and accreditation
of the training courses (Mundy and Nyirenda 1995).
Models for certi¢cation and accreditation already exist in
western Europe and North America, most notably in the
United Kingdom with the system of National Vocational
Quali¢cations (NVQs) devised by the National Council
for Vocational Quali¢cations (NCVQ ) in conjunction
with industry-led bodies and administered by the
Business and Technical Education Council (BTEC).
NVQs de¢ne national levels of competence that can be
expected of those in the workplace. Achievement of
NVQs is primarily through compilation of a portfolio of
evidence generated in the workplace. Only those training
organisations meeting the quality standards of BTEC are
permitted to assess candidates forNVQs.
Human resource development for ICTs is not a once-in-a-
lifetime process. As advances are made in ICTs and in
our understanding of the process bywhich ICTs are intro-
duced and used e¡ectively in organisations, there is a
continuous need for professional development. The
driving force for continuous professional development
might be expected to reside within the professional
bodies representing the interests of computing profes-
sionals. However, with the notable exceptions of South
Africa, Zambia, and Zimbabwe, the professional bodies
in most SADC member states are inactive.There is little
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recognition among professionals that it is necessary to
keep up-to-date, particularly with non-technical
developments.
There are other examples throughout the LDCs of the
application of ICTs to enhance learning opportunities
and information sharing but many continue to make little
use of available ICTs.For example, the biggest correspon-
dence education system in Papua New Guinea makes
very limited use of ICTs (audiocassettes), while in South
Africa, the Internet and radio-based networks are provid-
ing a basis for collaboration between the public and
private sectors to provide training (see Boxes 6.6 and 6.7).
Informal and formal training are essential components of
innovative `knowledge societies' and ICTs are being used
increasingly to support learning in thewealthier develop-
ing countries. There are examples of initiatives in the
LDCs as well, although there are many advantages and
disadvantages to the models for learning that are being
applied. A major issue is to maintain local diversity while
simultaneously capturing social and economic advantage
for the people in these countries. Regional initiatives
may provide a `middle ground' between the force of
global developments and the missing capabilities at the
local level.
6.5 Cooperating regions
Regional economic cooperation is a major theme for a
growing number of intergovernmental organisations that
represent LDCs or embrace LDCs within networks that
include wealthier countries. These organisations are
giving ICTs a high priority. In some cases, there are clear
signs of action leading to jointly developed plans to build
up regional information infrastructures.The plans emer-
ging in Africa and theAsia Paci¢c region demonstrate the
potential of these regional initiatives to provide a basis
for active policy measures and new partnerships with the
private sector.
6.5.1 Africa as a cooperating region
ICT initiatives to strengthen cooperation between coun-
tries in Africa provide a good illustration of measures
that can be taken to develop ICT strategies. A UN
Economic and Social Council Economic Commission for
Africa (UNECA) initiative is aimed at achieving integra-
tion of ICTs into all aspects of development. ICTs are
seen as crucial to support decision-making at all levels
(UNECA 1996a; Knight 1995). By 1995 an Action Plan
had been produced by a high-level working group on
ICTs (UNECA 1996a). The over-riding goal is to realise
the African Information Society Initiative (AISI) for a
sustainable information society by 2010. This vision is
outlined in Box 6.8.
The Action Plan states that `Africa has great potential to
``leapfrog''development stages by adopting new strategies
to build capabilities' (Economic Commission for Africa
1996: 1). The feasibility of technological `leapfrogging'
into a new era of development has been criticised because
of its emphasis on a strong `technology push' orientation
and the tendency for ICTs to be treated as a panacea for
development problems (Hobday 1994).The new Agenda
forAction is an attempt to put information and knowledge
at the centre of the strategy and to treat the technologies
as tools that can help to strengthen endogenous capabil-
ities. The plans for the national information infrastruc-
tures in African countries are driven by problems in areas
such as debt management, food security, health services,
education, population growth, unemployment and job
Box 6.7 - Distance education for African development
The Telematics for African Development Consortium
focuses on distance education for the disadvantaged who
were previously excluded from education either due to the
Apartheid regime or ¢nancial constraints.Developing speci-
¢c applications for distance education using the Internet
and wireless wide-area bandwidth, the project makes use of
the many collaborators from a range of private and public
sector organisations including a telecommunication opera-
tor, a broadcaster, and a distance education university
(Byron andGagliardi1996;Mbeki1996).
Box 6.8 -The vi sion for the African Information Society Initiative
] Information and decision support systems are used to
support decision-making in all the major sectors of the
economy in line with each country's national development
priorities.
] Every man and woman, school-age child, village, govern-
ment o¤ce, and business can access information and
knowledgeresourcesthroughcomputersandtelecommuni-
cations.
] Access is available to international, regional, and national
`informationhighways',providing`o¡-ramps' in thevillages
and in the information area catering speci¢cally to grass-
roots society.
] Avibrant business sector exhibits strong leadership capable
of forging the build up of the information society.
] African informationresources are availablewhichre£ectthe
needs of government, business, culture, education,
tourism, energy, health, transport, and natural resource
management.
] Information and knowledge are disseminated and used by
business, the public at large, and disenfranchised groups
such aswomen and the poor, in particular, to make rational
choices in the economy (free markets) and for all groups to
exercise democratic and human rights (freedom of speech
and freedom of cultural and religious expression).
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creation, industrialisation, land reclamation, water
management, and sectors such as tourism, trade, and
textiles.
In the health sector in Africa there are a number of initia-
tives by foreign and local organisations. Although these
do not fully exploit the potential of ICTapplications, the
projects are using ICTs to combat the isolation of health
workers by providing information and e-mail discussion
groups to help, for example, in disease control.There is a
very great need to use ICTs in support of telemedicine
initiatives to help to improve the reproductive health of
women and to combat HIVand AIDS itself (Council for
Scienti¢c and Industrial Research1996).
Governments,private sector ¢rms,NGOs, and themedia
all have roles to play as stakeholders in implementing the
Action Plan. Governments are expected to provide a
vision, strategy, and an enabling environment. They are
expected to promote the use of ICTs in government and
society to improve the e¡ectiveness of government
service delivery and to stimulate local ICT industries.
Governments also are expected to provide special
support for less well resourced sectors such as the
academic and research organisations. National govern-
ments arebeingencouragedtoplayacrucial role in coordi-
nating ministries and forming joint boards involving
government, industry, labour, andconsumer associations.
Mechanisms are being put in place to enable liaison with
other countries, international organisations, and regional
bodies to ensure coordinated development of ICT initia-
tives.The development of a legislative/regulatory frame-
work addressing issues of cost and accessibility of
telecommunication services, intellectual property protec-
tion, personal privacy, the free £ow of information, and
the convergence of broadcasting and telecommunication
networks, are additional areas for public sector action.
Theprivate sector's contribution is essential to the success
of theActionPlan.Theprivate sector is expected to stimu-
late growth and assume leadership in developing national
information infrastructures, to seize newbusiness oppor-
tunities arising from the implementation of a new infra-
structure, and to support smaller enterprises in devising
new applications. Voluntary organisations are playing a
vital role in making known the needs of poor and disen-
franchised groups such as rural communities, the home-
less, aged, and sick, and by helping them to make use of
the services. Consumer associations are involved to voice
public concerns and the establishment of user groups is
encouraged to help in the de¢nition of priorities for ICT
applications. Labour associations are responsible for
promoting the concerns of the workforce.
The media are expected to help to create awareness about
the national information infrastructure and to provide
and support opportunities for communication which
reach out to all citizens. Case studies demonstrating the
use of ICTs and services in Africa have highlighted the
shortage of funds, di¤culties in communicating over
substantial distances, the shortage of trained personnel,
the lackof resources to supportthe collectionand dissemi-
nation of indigenous information, and the absence of an
environment that enables innovative ICT applications
(National Research Council 1996). The Action Plan is
intended to reduce the impact of these and other barriers
to makingmore extensive use of ICTs.
When governments have been reluctant to become
involved in supportingthe introductionofnewICT appli-
cations, the di¡usion of ICTs often becomes reliant on
donors who assume a very in£uential position (Wangwe
et al. 1998 forthcoming). New regional initiatives are
encouraging national policies focusing on local inform-
ation needs bymaking available government information,
increasing access to government documentation and
activities, and encouraging a bigger role for NGOs in
decision-making (Levin1996). New projects are focusing
on the delivery of government information, networking
and sharing information (for example, e-mail), the distri-
bution of legal information, new services for government
departments andpublic sector organisations, information
con-cerning human rights issues, services supporting
election management and monitoring, and creating fora
where issues concerning freedom of information and
expression can be discussed.
The InternationalDevelopmentResearchCentre (IDRC)
is involved in a major project to circumvent barriers to
knowledge and capabilities development in Africa
through the use of ICTs (IDRC 1996, n.d.). The Acacia
Initiative will provide about CAN$ 8 million in its ¢rst
year to encourage the use of ICTs to enable poor commu-
nities in Sub-Saharan Africa to access information and
services to address their speci¢c development problems.
New models for overcoming barriers to community
access are being considered focusing on policies promot-
inguniversal service aswell as technological and organisa-
tional measures to adapt services to local community
conditions.The project emphasises the training and tools
necessary for e¡ective ICT use together with the close
collaboration of all the stakeholders. An evaluation
process is integrated within the Acacia programme to
achieve real-time learning about the factors contributing
to the success or failure of ICTapplications.
6.5.2 Cooperating in Asia and the Pacific
region
The United Nations Economic and Social Commission
for Asia and the Paci¢c (UNESCAP) has taken steps to
use regional economic cooperation as a platform to
develop and promote advances in ICTs for industrial and
technological applications (UNESCAP 1997). The
ESCAPaction programme in investment-related techno-
logy transfer is focusing on information technology
because `no country today can escape the ever-growing
in£uence of information technology. It brings massive
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change tomarkets, production, service, and skills require-
ments. It also expands educational opportunities,
improves the quality of life and creates jobs' (UNESCAP
1997: 1).
The countries represented by the Association of South
East Asian Nations (ASEAN) have an information tech-
nology marketwhich is of the same order of magnitude as
China andKorea (Rep. of).However, the market is domi-
nated by hardware (54 per cent) and services (29 per cent)
suggestingthat it is dominatedbyafewlarge corporations.
In 1995, software accounted for only 13 per cent of the
market and data communication for only 4 per cent
(UNESCAP 1997). In this region it has been recognised
that LDCs, including the Paci¢c Island countries and the
Central Asian republics, will have problems in building
up the absorptive capacity for ICTs because of pricing,
restrictive terms and conditions on technology transfer,
low technical capabilities of users, and continuing depen-
dence on a narrow set of suppliers. Some LDCs have
substantial numbers of quali¢edworkers who can learn to
use ICTs, for example, Kazakstan which has 28,000
university graduate scientists working in 287 research
institutions.
Initiatives in the ICT ¢eld are leading to various forms of
regional and subregional initiatives. In the computer
¢eld, the South East Asia Regional Computer
Confederation (SEARCC) has been formed, and the Asia
and Paci¢c Centre forTransfer of Technology (APCTT)
and the Centre for International Cooperation in
Computer-isation (CICC) have been set up.The regional
group is able to distribute information about the bene¢ts
of ICT applications although many of the examples are
drawn from the wealthier countries in the region (see
Box 6.9).
Box 6.9 - Economic returns to investment in ICTs in
Singapore
An example of mass computerisation is Singapore's
civil service computerisation programme. Every
dollar spent, has generated US$ 2.7 in returns or
morethanUS$100millioneveryyear.Theprogramme
has reduced employment by 1,500 posts and made an
additional 3,500 jobs unnecessary, which is bene¢cial
in Singapore because of its labour shortage
(UNESCAP1997).
Regional cooperation aims to initiate joint projects
addressing poverty, illiteracy, environmental degradation,
urban decay, and health. ESCAP has recommended that
regional library networks be created and that e¡orts be
made to develop regional technology system standards
and to introduce machine translation projects. Electronic
commerce services are being targeted including the
further development of a regional electronic data inter-
change network and the use of Computer-Aided
Acquisition and Logistics Support (CALS) standards to
integrate technical and management information. Public
sectorcomputerisationactivities are alsobeing supported.
Regional cooperation means that countries can share
hardware, software, and knowledge resources and help to
build both the technical infrastructure and human
capabilities.
6.6 Conclusion - Identifying priorities for ICT
initiatives
ICT initiatives must be linked to development goals in a
way that leads to action and widespread social and
economic bene¢t if they are to be successful.This requires
substantial coordination, organisational change, and new
partnerships. It is especially di¤cult for the LDCs, given
their lack of ¢nancial resources and adequately trained
personnel, to devise and implement ICT strategies.
Cooperation leading to knowledge sharing, and coordi-
nated initiatives to secure capital, are emerging through
regional initiatives.The African Action Plan and the Asia
Paci¢c regional initiatives show the steps that can be
taken. The task of building national information infra-
structures involves both people and technologies. It
involves creative approaches to recon¢guring ¢nancial
and human resources. The institutional set up is crucial
to whether new initiatives are successful and the learning
process is an ongoing one. Not all development problems
can be addressed simultaneously in the face of competing
claims on very scarce resources. Nevertheless, the LDCs
which take some action on both the technological and
human resource fronts will be better positioned to
bene¢t from ICTapplications and to reduce the impact
of exclusion from emergent `knowledge societies'.
E¡ective use of ICTs and services involves more than the
expansion of telecommunication systems. Overemphasis
on `access' to links in the information `highways' means
that insu¤cient attention may be given to other crucial
matters. Development needs, preparedness, a¡ordability,
and skills development all need to be considered systema-
tically. Applications for economic sectors, the public
sector and for individual citizens, need to be at the centre
of national and regional ICT strategies (Melody 1995,
1996; Sanatan and Melody 1997). Table 6.6 illustrates
some of the institutional links that need to be constructed
between people's needs and the design of the ICTsystem.
Decisions are needed aboutwhich sectors of industry and
government activity should receive priority for ICT appli-
cations. The aim should be to identify those sectors
where the greatest bene¢t can be achieved for the least
cost. This approach to assessment can lead to an opera-
tional plan for relevant components of the infrastructure
and training. InTable 6.6 the columns identify the major
markets and activities thatmake up the information infra-
structure and the rows identify the major players, the
essential resources, and the issues requiring government
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policy or regulatory direction. The priority given to the
cells in this checklist will di¡er for each country.
For the ICTsector as a whole, structural and institutional
reforms are needed to enable e¡ective responses to
unmet demand.
In the telecommunication sector the principal concerns are
market access, interconnection, and interoperability
rules enabling competition in services and infrastructure,
radiofrequencyspectrummanagement,andthe establish-
ment of e¡ective regulatory agencies. Privatisation of the
mainpublic telecommunicationoperator is often regarded
as the best means of ensuring that telecommunication
services are provided on a commercially e¤cient basis.
Care must be taken to ensure that unregulated private
monopolies do not replace the former public monopolies.
In the LDCs that do not attract su¤cient foreign invest-
ment tomeet their targets for infrastructure development,
innovative institutional structures are needed.The prac-
tice of using revenues generated by long distance opera-
tions to subsidise general government revenues tends to
leadtounder-investment in the extensionandmodernisa-
tion of the telecommunication infrastructure and to
problems in attracting foreign investor interest.
The introduction of competitionwithin national markets
brings the need for changes in telecommunication and,
often, foreign investment legislation, new ways of mana-
ging the radio frequency spectrum, new speci¢cations of
technical compatibility standards, and policies to ensure
equity through universal service development over an
extended timeframe. New `access' models, which must be
¢nanced, are needed. These must take account of the
capabilities and requirements of users and the overall
development strategy to create a dynamic learning
process.
In the computing and software industries the import of
computer and software technologies into domestic
markets involves high tari¡s in most LDCs. These have
been introduced to encourage the build up of domestic
capabilities.Pressures to reduce and,ultimately, eliminate
these tari¡ barriers are growing. LDC governments will
need to give consideration to areas where the capabilities
to modify ICTsystem components are crucial.
In the information services and audiovisual sectors the
potential for the generation of indigenous `digital'
content relevant to scienti¢c and technological research,
business requirements, and social and cultural commu-
nities, needs to be assessed in the light of the availability
of externally produced content. In the `cultural industries'
a number of countries maintain import restrictions on
foreign programming and ¢lms to strengthen their own
industries.Thispractice,which is alsoused in some indus-
Table 6.6 - Checklist for policy-makers to identify NII priorities
Markets/activities Equipment supply Network development Content/value
added services
Demand/applications
Players Telecoms Public telecoms operator National Industry
Computing Others Regional Government
Media Global Households
Electronics
Resource requirements Technology Capital Skills Integration
Capital Skills Management Skills
Skills Management Marketing Capital
Policy/regulation Industry development Telecoms reform Access Sectoral reform
Purchasing policy Universal service Intellectual property Skill changes
Import/export Spectrum management Standards Transition policies
Privacy/security
Products/services Transmission/switching Public services Databases Designer networks
Terminals Designer networks Value added services Specialised content
Software Leased capacity Media Network management
Strengths/weaknesses/
opportunities/threats
By product line
By technology development
By skills base
Network coverage
New service deployment
Productivity impact
Local content
Access
Skills
Leading and lagging sectors
Commitment to reform
Relevance of services to needs
Source: Melody,W.H. (1996) `Toward a Framework for Designing Information Society Policies',Telecommunications Policy,Vol. 10 (4) p.256, with kind permission from Elsevier
Science Ltd, Oxfordshire, UK.
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trialised countries, such as Canada and, in the European
Union, is subject to pressures from other industrialised
countries for `open skies' policies and market access for
cultural products delivered by satellite and terrestrial
modes of distribution. As the industrialised countries,
including the United States, the United Kingdom, and
several continental European countries, build market
share in trade in `digital information' products and
services, the complementary products that can be
produced by LDCs through regional initiatives need to
be promoted and ¢nanced. These countries will need to
concentrate attention as much on `information content'
as on `access' policies.
TheICT-using sectors, including the public and commer-
cial services, manufacturing, and natural resource indus-
tries, present major challenges for skills and training as
well as technology acquisition and maintenance. User
training is costly and the range of technical and organisa-
tional skills needed to maintain, customise, and use ICT
applications is growing. Policies need to take into
account the `user costs' of the expansion of national
information infrastructures. It is necessary to ensure that
a growing cost burden does not fall on the end-user thus
preventing the harnessing of ICTs to the development
process.
An emphasis upon sharing ICTsystems, the information
theygenerate,andknowledgeabouthowtouse them e¡ec-
tively, is important to reduce the risks of exclusion for
LDCs from the global information society. The risk of
exclusion of ¢rms and citizens is much greater here than
in the wealthier developing countries.`LDC¢rms tend to
be smaller and lesswell endowed¢nancially than develop-
ing country ¢rms; and operate under macroeconomic
conditions which increase the cost, risk and uncertainty
of investment.W|th capital costs rising steeply, ¢nance-
based sources of exclusion will be of greater signi¢cance
to LDC ¢rms than to developing country ¢rms' (Girvan
1997: 11).
AsNormanGirvanargues, in theLDCsthere is a`dualism'
emerging between ¢rms that use ICTs extensively and
those that are unable to do so.While the external environ-
ment is critically important to changes in¢rms' `capability
curves', the role of¢rms'¢nancial,management, organisa-
tional, and human resources cannot be overlooked.
Surveys ofLDC¢rmshave shownthat¢nance isperceived
as the most important obstacle to ICT acquisition in
LDCs.This is a major paradox for countries as they seek
advantage from these revolutionary technologies that are
reducing the unit costs of information storage and proces-
sing (Girvan1996).
LDC initiatives are likely to be successful if they avoid
promotion of ICTs as a panacea for complex social and
economic problems (Roode and du Plooy 1994). E¡ort is
necessary to encourage the transfer of ICTs from indus-
trialised countries to the developing world in a form that
is compatible with the skill levels of the recipients. If the
satisfaction of fundamental human needs is the `driver'of
the introduction of ICTs there is a greater chance of
success than if the technology is permitted to`drive' appli-
cations. This means that ICT strategies must recognise
that social and economic development go hand-in-hand.
The design of the implementation of ICTs (networks and
software applications) should seek a `good ¢t' between
the technology and the culture of the recipient country.
Special attention should be given to devising strategies
by which LDCs can acquire training and experience in
their use. Important social considerations include perso-
nal data privacy, approaches to the protection of inform-
ation, and to sharing knowledge and ensuring equitable
access to information.
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Notes
1 The total number of e-mail hosts was 53, 7 providing
Internet and Bitnet access in Egypt, Tunisia, Algeria and
Zambia,21providingGreenNet/gn¢doaccess, 3 providing
other FIDOnet access, 14 supportingORSTROMUUCP
(Dakar has Internet Protocol access using an X.25 packet
data switched network), and 8 supporting otherUUCP.
2 A store and forward network based on cheap PCs. Selected
computers dial hosts which have full Internet connections
to exchangemessages with the rest of the world.
3 UnixtoUnixCopyProgram, fakinganInternet connection
over an intermittent UUCP link, a more advanced store
and forward link thanFIDO.
4 Holderness (1998 forthcoming) citing M. Mulligan,
Financial T|mes, and a Dutch journalist, Michiel
Hegener, p. 16.
5 The search was carried out for LDCs excluding African
countries in July 1997 by the editors of this report. The
surveymethodwas informaland is notpresentedas compre-
hensive. Sites may have been overlooked. The aim was
simply to gain an impression of the quality and type of
information that is beginning to be located on the Internet
forLDCs.
6 Lahiri, A.,`SouthAsia' inUNESCO(1997).
7 Butrimenko,A.V.`EasternEuropeand theCommonwealth
of Independent States' inUNESCO(1997).
8 Harrison, H.P. `Audiovisual Archives Worldwide', in
UNESCO(1997).
9 Vannevar Bush argued in `As we may think', Atlantic
Monthly,1945, that thecomputerwould beusedtomechan-
ise scienti¢c literature using a device called `memex'. The
NLS system was developed byD.C. Englebart at Stanford
Research Institute and T. Nelson of Xanadu in the United
States and it included hypertext (non-sequential reading
and writing that links di¡erent nodes of a text), windows, a
mouse, electronic mail, and a hypertext-like ability to link
and annotate documents. See C.-C. Chen, `Multimedia
Technologies' inUNESCO(1997).
10 Forexample, theminimumrequirementofaPCsystem is an
80386CPU, EGA/VGAorVGA AplusGraphics, 2MB
RAM, double-speed CD-ROM Drive and Microsoft
W|ndows 3.1. Some products will run properly only with a
486 or Pentium processor with at least 16 MB of RAM
and four-speedCD-ROM.
11 See Danowitz et al. (1995) and Cronin and McKim
(1996), and Cronin and McKim, `The Internet' in
UNESCO(1997).
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7 Assembling the components of national information
infrastructures
7.1 Introduction - Producing and effectively
using ICTs
The ¢rst six chapters of this report focused on the uneven
di¡usion of ICTs throughout the world, the learning
processes involved in the scienti¢c and technological
innovationprocess, and the potential of ICTs for develop-
ing countries, as well as the experiences of the least devel-
oped countries. The UNCSTD Working Group on IT
andDevelopment concludedthat the costs ofnot building
national information infrastructures in developing coun-
tries are likely to be very high and that each country is at
a di¡erent starting point in this task (see Chapter1).
Stakeholders and the governments in the developing
world have very di¤cult choices to make about how to
strengthen their capabilities in the ICT ¢eld. This ¢rst
arises in deciding how to allocate their limited resources
most e¡ectively to gain some of the bene¢ts of ICTs and
touse them to build innovative anddistinctive `knowledge
societies'. The economic, political, and social conditions
aswell as theculturalmores in eachcountrydi¡er substan-
tially. Many of the advantages of ICTs will depend on the
availability of an advanced national information infra-
structure and on the human capabilities to integrate and
use it e¡ectively.
There is debate about how to strengthen ICT production
capabilities and it is being recognised that e¡ective use of
ICTs depends upon knowledge of how they are designed,
how they can be tailored to local conditions, and how
they can be maintained. Even when the choice must be to
buy, rather than to produce, the necessary technologies
and services, anunderstanding of the range of alternatives
is needed ifICTs are tobeharnessedtodevelopmentgoals.
Some developing countries have built up a considerable
knowledge base for producing components of their
national information infrastructures andtheyare develop-
ing export markets for these products. Other countries
are building their capabilities to select and implement
ICTsystems and services without necessarily engaging in
local production activity. This chapter uses the experi-
ences of countries that have achieved a combination of
technological, institutional, and human capabilities to
enable them to assemble the technological components
or the content for the national information infrastructure.
Assembling the technological components and the
capabilities involves measures to strengthen the science
and technology base (section 7.2). It may, in some coun-
tries, also involve building capabilities in the hardware
industry such as the case of semiconductors (section 7.3).
Opportunities may be created for the wider accessibility
of communication networks through technical innova-
tions as in the case of Low Earth Orbiting Satellites
(LEOS) (section 7.4) and by entry into the software devel-
opment market (section 7.5). The information content
industries are considered togetherwith the cultural impli-
cations for developing countries of the increasing £ows
of international programming and services in section 7.6.
All the experiences reviewed in this chapter involve
countries that have started to assemble their national
information infrastructures based on a relatively high
level of pre-existing literacy and formal education. Each
has moved relatively quickly along a learning curve and
considerable investment has been necessary. The least
developedcountriesdonothave the technological compo-
nents, the necessary capabilities in place, or the ¢nancial
resources to invest in assembling the infrastructure on a
large scale. For the most part, these countries will be
`buyers' of ICTs and services. However, this does not
mean that they must simply be recipients of goods and
services developed elsewhere, or necessarily be excluded
from bene¢ting from the new technologies.There will be
opportunities for them to become creative, innovative
users if policies and private sector strategies encourage
the development of key assembly capabilities.
7.2 Science and technology policy in the
Brazilian ICT industry
An important aspect of the national information infra-
structure in developing countries is the strength of R&D
capabilities in ¢rms, and their propensity to invest in
R&D to enable them to participate in construction of the
infrastructure.Brazil has the largest information and tele-
communication industry in Latin America, and the
second largest in the Americas, with a market of US$ 10
billion in 1994. The number of professionals working in
the sector whose levels of education include undergrad-
uate and postgraduate degrees is greater than the sum of
all other Latin American countries. The size of the
Brazilian market, combined with a competitive environ-
ment, has o¡ered a challenge to Brazilian ¢rms operating
in the ICT sector. Firms have invested increasingly in
R&D and employed the highly skilled workforce to inno-
vate and compete, initially in the domestic market and
subsequently, in the international market. Brazilian
science and technology policies are aimed at strengthen-
ing and expanding R&D activities in the ICT sector.
Brazil o¡ers an example of the stimulus to investment
that can be achieved as a result of policies that employ
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economic incentives to raise the level of investment and to
target it in speci¢c areas.
In 1991 the Brazilian government sought to create condi-
tions whereby ¢rms could bene¢t from investing in R&D
activities. A new law established policy tools to promote
R&D in the ICT sector and required complementary
actions by ¢rms.
1
First, ¢scal bene¢ts available until 1999
consisted of a waiver of the Industrialised Goods Tax
resulting in a reduction of 15 per cent in the ¢nal cost of
production. Until 1997 a discount of 50 per cent on the
income tax on expenditures on R&D activities was avail-
able and support was provided for new capital investment
as a result of a discount of 1 per cent on the income tax
payable by companies investing in ICT ¢rms. Second,
government procurement policy was changed to favour
the purchase of ICT goods with larger proportions of
local industrial content.
In order for ¢rms to take advantage of the ¢scal bene¢ts
and procurement conditions, the legislation required
complementary actions by ¢rms. These actions include
investment of at least 5 per cent of after-tax revenues
from sales of ICTproducts and services inR&D activities
of which 2 per cent must be through joint projects with
universities, research institutes,andthemain government
programmes for the ICT sector. Firms have also been
required to complywith aminimumuse ofadvanced tech-
nologies in each class of product enabling companies to
operate in production chain niches and to select products,
parts or components for local production. Firms were
required to achieve certi¢cation for meeting ISO 9000
quality standards within a period not exceeding two
years. By 1997, 248 ¢rms with a total net revenue of
approximately US$ 5 billion in 1995, had bene¢ted from
these legislative measures and the government was
projecting intra- and extra-¢rm investment of more than
US$ 1billion in R&Dby1998.
The Brazilian Ministry of Science and Technology is
responsible for implementing current policy and approv-
ing joint projects that bring the private sector into close
interaction with academic researchers. The Ministry of
Science andTechnology veri¢es compliance with legisla-
tive measures supported by the Ministry of Industry,
Trade and Tourism and the Ministry of Planning. It also
investigates R&D investments by ¢rms bene¢ting from
the legislative provisions supported by the Federal
Treasury andMinistry of Treasury and observes compli-
ance with the quality assurance standard. The objective
of these actions is to ensure consistency and continuity of
the industrial and technology policy.
In addition to these policy tools, the National Bank for
Social and Economic Development (BNDES) opened a
credit line of US$ 150 million to ¢nance the acquisition
of goods and services for the information and automation
sectors of domestic ¢rms.This credit line is intended to
provide favourable ¢nancing conditions for the purchase
of locally produced software and hardware.The objectives
are to support themodernisationof the local ICT industry
and to stimulate the di¡usion of ICTs throughout
Brazilian society.
The ¢scal bene¢ts for ¢rms and their compliancewith the
complementary actions are linked to their eligibility for
R&D projects and the Ministry of Science and
Technology's priorities for R&D programmes. The
impactof the ICTpolicyon eachprogramme ismonitored
by the Ministry. The main programmes are shown in
Table 7.1.
Table 7.1 - Ministry of Science and Technology, main R&D
programmes, 1996
Programme Responsible
agency
National Research Network (RNP), Internet Brazil CNPq
National Programme of Software for Export
(SOFTEX-2000)
CNPq
Multi-institutional thematic programme in
computer science
CNPq
Advanced technologies for industrial automation CTI
Quality and Productivity in Software CTI
Micro- and macro-structures CTI
High performance processing CTI
Support for the development of the software
industry
FINEP
Support for technological capability of the tele-
information industry
FINEP
Key: CNPq - National Council for Scienti¢c and Technological Development; CTI -
Foundation Technological Centre for Informatics; FINEP - Financing Agency for
Studies and Projects.
Source:Ministe¨ rio daCieª ncia eTecnolog|¨ a (1996).
The growing availability of funding for R&D in the ICT
sector in Brazil, whether within companies, through
joint projects with research centres and universities or
within the framework of a large government programme
for ICTR&D is linked directly to ¢scal policy.The results
of the policy are shown in Table 7.2 indicating the ¢scal
bene¢ts received by ¢rms and their R&D investment
over the period1993-95 (estimated for1996 and1997).
Table 7.3 shows the distribution of investment within
¢rms, andcollaborativeR&Dinvestment.The¢scal bene-
¢ts granted to ¢rms increased almost fourfold between
1993 and 1995 and were expected to continue growing
throughout 1997.The most attractive ¢scal bene¢t is the
waiver of the Industrialised Good Tax. Firms appear to
be willing to make cost reductions in order to become
more competitive.Total investment in R&D grew almost
¢vefold from 1993 to 1995. On average within-company
R&D investment comprised more than two-thirds of the
total during this period.The data also indicate substantial
growth in the allocation of funding for joint projects with
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universities and R&D centres suggesting a tendency for
Brazilian ¢rms to expand their R&D activities in the ICT
sector into extra-¢rm activities.
Table 7.2 - Fiscal benefits for the Brazilian ICTsector,
1993-1997
Items 1993
US$m
1994
US$m
1995
US$m
1996*
US$m
1997*
US$m
Eligible firms,
total
151 217 248 271 290
Gross revenue
in the domestic
market
8,430 9,795 11,299 12,700 14,100
Gross revenue
of supported
firms
3,845 5,680 7,500 8,400 9,400
Net revenue
during the
period
1,401 4,128 4,900 5,400 6,100
Fiscal benefits,
total
74 226 278 300 320
Investment in
R&D, total
63 241 293 320 350
- within firm 56 181 178 192 208
- joint projects
with universi-
ties and R&D
centres
7 57 111 121 133
- programmes - 3 4 7 9
Note: Under Law 8248 of 23/10/91; *Estimates
Source: Compiled from various sources.
2
Table 7.3 - Scope of investment in R&D in the Brazilian ICT
sector, 1993-1997
Scope 1993
%
1994
%
1995
%
1996*
%
1997*
%
Within-firm 88.9 75.1 60.8 60 59.4
Joint-projects
with universi-
ties and R&D
centres
11.1 23.7 37.8 37.8 38.0
Programmes 0.0 1.2 1.4 2.2 2.6
Total 100.0 100.0 100.0 100.0 100.0
Note: * Estimates
Source: Compiled from various sources, see note 2.
The competitive environment inBrazil andin the interna-
tional market is forcing ¢rms to reduce costs and improve
quality and this, together with the ¢scal incentives, is
resulting in an increase in investment in R&D activities.
Firms are seeking to enhance their products and services
to compete globally in the ICTmarket.
7.3 The Republic of Korea's successful
specialisation in memory chips
The development of the semiconductor industry in the
Republic of Korea is a dramatic instance of success in
building new capabilities for a newly industrialising
country. In little more than a decade, Korean chaebol
¢rms such as Samsung have been able to catch up and
move to the frontier of semiconductor production, speci-
¢cally in the memory chip segment of the market and in
Dynamic RandomAccessMemories (DRAMs).This is a
highly technology-intensive industry and success was
achievedinaveryshorttime.Korean¢rmsarenowbecom-
ing major global players in the world memory chip
market.
3
This section highlights the factors which have
contributed to success in assembling the capabilities to
exploit the export market for semiconductors.
Samsung became theworldmarket leader inMetal Oxide
Semiconductor (MOS) memories and the DRAM
segment by 1993 (Integrated Circuit Engineering 1995)
from a virtually zero market share in memory chips in
1984. Hyundai and LG Semicon (formerly Goldstar) also
have been very successful in the world DRAM market,
attaining fourth and ¢fth place, respectively, in the
DRAMsegment in1996 (Electronic Business Asia1997).
Many structural problems, including the highly fragmen-
ted industrial structure, remain to be addressed (EIAK
1995) if the growth of theKorean semiconductor industry
is to be sustained over the longer term. Korean successes
have been limited largely to the DRAM-segment, the
low value-added mainstay of the semiconductor industry.
The performance of the Korean semiconductor industry
is very impressive (Kim 1998 forthcoming). Successful
specialisation by Korean ¢rms and export sales on the
worldmarketmaybe attributable toacleverstate industrial
targeting policy, to luck, and to timing to market, an
instance of chaebol success in pursuing the strategies that
were timely to achieve export market success by the
second half of the 1980s. In fact, the evidence suggests
that success is attributable to many factors including the
politics surrounding state actions.
7.3.1 The importance of chaebol governance
and the state
TheKorean state was important to the success of Korean
¢rms in the semiconductors market but in an indirect
way. Korean chip producers, especially during the second
half of the1980s, were fortunate to be able to capitalise on
the gap in the world market which opened up after the
US-Japan Semiconductor Agreement of 1986 (renewed
and extended ¢ve years later). In addition, the strategy of
narrowly focusing onDRAMswas a singularly appropri-
ate one with Samsung acting as the DRAM `path¢nder'
whileHyundai concentrated on static RAMs.
The success of the chaebol-¢rms depended on the will as
well as the ability to succeed. An explanation of their
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success requires consideration of the chaebol-governance
process and the political institutional arrangements for
the state-¢rm relationship based on the `politics of reci-
procal subsidy'. These subsidies have been conducive to
the emergence of e¡ective chaebol-governance,
4
and the
structure of the governance system is well matched by the
technological and economic competitive conditions in
the memory chip segment of the semiconductor market.
The development process of Korea's semiconductor
industry took place over two periods before and after
1983. Until 1983, Korean ¢rms were merely specialised
within the international division of labour, while world
market dynamics and the `visible hand' of foreign inves-
tors, played an important role. The dominant form of
governance was the ¢rm-hierarchy of foreign investors,
resulting in limited development of Korea (Rep. of) as an
assembly site for foreign semiconductor ¢rms.The state
remained relatively passive between 1965 and 1972, with
limited interest in a general export-promotion policy
(Kim1991; EIAK1989).
Between1973 and1979 there was a state-led push into the
heavy and chemical industries (HCI) (Haggard and
Moon 1986; Leipziger 1987), but no similar promotion
policy was pursued for the semiconductor industry.
Among the State incentives and measures after 1983, the
most important and most frequently used policy instru-
ment for encouraging large ¢rmentry into theHCI indus-
tries was credit.The ¢rms, and above all the chaebols, that
invested in targeted industries such as steel and petro-
chemicals received so-called `policy loans'. The share of
these policy loans amounted to as much as 60 per cent of
the total lending by the bigKorean banks (Hahn1993).
An important condition attached to the policy loans was
that the receiving ¢rms should export their products
almost from the outset and demonstrate their strength in
export markets.This condition amounted to a `reciprocal
subsidy' between the state and the ¢rms and worked as a
positive incentive for the subsidy-receiving ¢rms to
increase their production e¤ciency and to sell their
products on the exportmarket (Amsden1989).The imple-
mentation of the HCI policy based upon the `politics of
reciprocal subsidy' also had signi¢cant implications for
the development of semiconductors.
From 1983, the Korean semiconductor industry attained
momentum mostly as a result of the strategic initiatives
of the chaebol-¢rms. The Very Large Scale Integrated
(VLSI) chips era was initiated in1983 by the chaebols that
had grown enormously during the preceding HCI-drive
era and now recognised the economic potential of the
semiconductor industry.The breakthrough came in 1987
with favourable world market conditions induced mainly
by the international semiconductor politics between the
United States and Japan. The world market dynamics
provided an important `window of opportunity' and the
DRAM `boom' rewarded the Korean ¢rms for the
DRAM trajectories they had established.The three large
chaebol chip producers had decisive structural advantages
in terms of capital and human resource mobilisation as
well as the opportunity for cross-¢nancing.W|thout these
advantages, they would not have been able to start their
newDRAMbusinesses asquicklyor to sustainhuge¢nan-
cial losses until1987when the `window of opportunity' in
the world market ¢nally opened (Korean Semiconductor
Industry Association 1993; Samsung Electronics Co.
1994).
Korean chaebol-¢rms are hierarchically structured and
centrally organised.The member companies are grouped
around the chairperson and a central o¤ce which is
responsible for resource allocation andoften for personnel
decisions at the chaebol group level. This structure
enables quick and uni¢ed support for new business areas.
Chaebol-governance implies a combination of a `hierar-
chy' (built around the Chief Executive O¤cer and central
o¤ce) and a `network' (consisting of a chaebol-level
network organisation). Resources can be mobilised very
quickly through internal transactions and cooperation
within the chaebol on a non-price basis. This permits
focused and e¡ective investment in the new semiconduc-
tor business.Chaebol-governancewas an important insti-
tutional factor in the rapid entry of Korean companies
into DRAM production, a market characterised by very
high entry barriers.
Chaebol-governance ¢tswell with the technological inno-
vation characteristics of DRAMs and the `technological
regime' (Malerba and Breschi 1995). DRAM technical
advances proceeded through ever-increasing integrated
circuit capacity and a continuous series of product and
process innovations.The incrementalprocess innovations
and learning e¡ects from manufacturing (for example,
learning-by-doing) were important sources of techno-
logical innovation and productivity gains. High yield
rates were achieved through experimentation over details
in the manufacturing process at whichDRAMproducers
like Samsung and Hyundai proved very adept (Howell et
al.1988;Tyson andYo¤e1991).
These technical innovations and the associated techno-
logical capabilities resulted in ¢rm-speci¢c patterns of
knowledge. Each ¢rm's capability to learn-by-doing was
a decisive determinant of its competitive success. In the
case of DRAMs, the Korean producers do not seem to
have been penalised by the relatively low quality of the
national system of innovation which existed at the outset.
As long as they were capable of maintaining their ¢rm
and chaebol-level learning-by-doing and manufacturing
e¤ciency, they were successful. However, in the case of
Application Speci¢c Integrated Circuits (ASICs), a closer
degree of interaction between the large chip producers
and small andmedium-sized user ¢rmswas required and
the implications for governance of a di¡erent product
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segment for e¡ective technological innovation were
di¡erent.
The `politics of reciprocal subsidy' in the 1970s were
important for the emergence of chaebol-governance, and
the lack of interventionist regulation by the state in the
1980s was conducive to the continuation of this form of
governance. The Korean state did not pursue a targeted
sectoral policy for the semiconductor industry because of
internal and external economic conditions and the largely
politically motivated withdrawal from extensive policy
intervention in the 1980s (Hong 1992). The government
began to commit itself to promotion of the industry only
after Samsung's success in DRAM development. The
`leapfrogging' by Korean ¢rms' occurred initially as a
result of state actions and politics, but it was the private
¢rms who were forging ahead.The government's DRAM
project promotion policy was an addition to the focused
DRAM strategies of Korean ¢rms and was successful
only to a limited extent.The coordination of the techno-
logical and economic activities was left to the chaebols,
establishing chaebol-governance as the dominant govern-
ance mechanism.
Korean success in memory chips has been the product of
neither the `Korea Inc.'model nor `free'market dynamics.
State versus market explanations predominate in the
literature on Korean/East Asian industrialisation,
5
but
success was the result of complex interactions between
regulations underpinning the world market, corporatist
state policies, and chaebols strategies. The Korean state
indirectlyplayedanimportant roleas a resultofthepolitics
of reciprocal subsidy. The state set the scene for the
chaebol¢rms'entryintoVLSIchipproductionby support-
ing the chaebol structure. This experience illustrates the
importance of politics as well as economic policy. This
point is often overlooked in analyses of the factors deter-
mining the success of the newly industrialising countries
in achieving production capabilities.
7.3.2 The lessons from East Asian strategies
in microelectronics
Emulationof theKorean successes in themicroelectronics
industry is likely to be extremely di¤cult for other coun-
tries. However, there are lessons for other developing
countries in the genesis and dynamics of sectoral govern-
ance and their e¡ects on the growth dynamics of the ICT
sectors. A form of `institutional engineering' is likely to
be needed supporting the emergence of appropriate
governance processes for di¡erent industry segments
(HollingsworthandStreeck1994).Byfocusingon existing
governance arrangements it may be possible to in£uence
the evolution and operation of ¢rms and to permit them
to develop their own strategies rather than to impose
general blueprints on them.The human resource aspects
are as important for success as the technological aspects
as demonstrated by a study of the East Asian electronics
industry (Heeks and Slamen-McCann 1996).This study
found that industrial targeting policies have been extre-
mely broad in all the stages of the development of the
microelectronics industry in East Asian countries (see
Table 7.4).
Eachofthenewly industrialisingcountries inEastAsiahas
relied on a di¡erent mix of skills as it has moved along the
learning curve to establish international competitiveness
in distinctive ways and, as discussed, education has
played a crucial role (see Box 7.1).
Ananalysis of Japanese investment strategies inEastAsian
markets over an extended period by Dieter Ernst (1997)
highlights the importance of regional resources in the
building up the production capabilities of both Japanese
¢rms and their partners in the electronics industry in
other countries.The concept of an `international produc-
tion network' is used as a basis for understanding how
Japanese ¢rms have selected international production
sites for di¡erent stages of the value chain and how their
strategies have changed over the years. Ernst argues that
over time the focus of investments has shifted twice from
Northeast Asia (Republic of Korea, Taiwan (Pr. China),
and Hong Kong) to the ASEAN region (mainly
Singapore, Malaysia and Thailand), and from about
1992, from the ASEAN region mainly to China.
Expansion to Indonesia and India from the 1990s and
currently intoV|etNam,MyanmarandtheAsian republics
of the former Soviet Union has also occurred. This
recent analysis shows that Japanese ¢rms have moved
from earlier relatively closed and Japan-centred produc-
tion networks to more open regional supply networks.
The result is that there have been large swings in Japan's
strategies corresponding to changes in the Japanese
domestic economy. In the 1990s the tendency is now
towards greater decentralisation of production in the
region, and local embeddedness. As a result, Asia is now
the most important source of Japanese electronics
Table 7.4 - Stages of growth in a dynamic environment
Infantile stage Growth stage Maturing stage Declining stage
Physical factor Endowed resources Business environment Related and supporting industries Domestic demand
Human factor Workers, politicians,
and bureaucrats
Politicians, bureaucrats, and
entrepreneurs
Entrepreneurs, professional
managers, and engineers None
Source: Cho (1994) adapted in Heeks and Slamen-McCann (1996).
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imports andthis hasbeenachieved so farwithout adecline
in quality, speed or reliability of delivery. At the same
time, most key electronics components are still sourced
from Japan, from other Japanese ¢rms producing in the
region, or non-Japanese producers in the region.
The capabilities of subcontracted¢rms have beenbuilt up
to the point that East Asia has become a leading supply
base for an increasing variety of information products.
Ernst (1997) suggests that although the initial focus was
on manufacturing excellence and supply chain manage-
ment using imported designs, this is changing and
design andmarket development capabilities are emerging
that seek to tailor products to the heterogeneous demand
patterns in the East Asian markets, that is, products that
are used for computing, communicating and multi-
media purposes.This recent study is particularly interest-
ingbecause of the emphasis itgives to the shifts in the loca-
tion of production networks over time. As Ernst (1997:
57) puts it: `nothing is automatic about the bene¢ts from
participating in international production networks.
Periodically,theremaybe important reversals in the distri-
bution of such bene¢ts'.
Another recent study focusing speci¢cally on the semi-
conductor industry shows how important it is to take
account of all the factors contributing to production
capabilities in order to assess the likelihood that the
newcomers will be successful, whether their success will
be sustained, and whether other countries will be able to
`forge ahead' into new areas of ICT production. Richard
Langlois and Edward Steinmueller (1997) argue that
discussions about the most appropriate structure of an
industrial sector and its form of governance (whether by
corporatism or state-corporatism for instance) often miss
the fact that the competitive success of each country's
industry is dynamic and demand-related as well as
supply-related.They argue in the case of the waxing and
Themicro-electronics-basedindustryproductionofthe
fourEastAsiannewlyindustrialisingcountries and terri-
tories - Hong Kong, Singapore, the Republic of Korea,
andTaiwan(Pr.China) - displays commonalities includ-
ing the signi¢cance of electronics production to all the
economies, especially exports, and an initial reliance on
building the industry on foreign investment, foreign
infusions of technology, and low local wages.
Nevertheless, there are emerging di¡erences between
these countries. In terms of ¢rm type, foreign investors
dominate in Singapore; small local entrepreneurs are
most common in Taiwan and Hong Kong; while in the
Republic of Korea, the chaebol conglomerates take by
far the largest share of production. In terms of industrial
development, Singapore still appears to rely heavily on
its labour pool as a basic factor of production; the
Republic ofKorea is increasingly focused on investment
in its well-developed local industries; whileHongKong
andTaiwan (Pr. China) lie somewhere between the two.
Not onlyhave these countries followed a path somewhat
di¡erent to that of industrialised countries, but in some
instances, they can also be considered `ahead' of the
game compared to the industrialised countries.
In terms of the necessary skills base, the national tech-
nology infrastructure, with the exception of Hong
Kong, is well in place and gaining in global recognition.
It supports further expansionof the electronics industry,
ensures ongoing skill changes and presents a structure
to support positive technology and skills management.
At the micro level, the best ¢rms in these areas have
retainedaconstantcommitmentto trainingandto learn-
ing,with clear strategies for raising their level.
There has been no clear evidence, at an organisational or
industrial sector level, of employment diminishing in the elec-
tronics industries of these countries through the use of new
manufacturing technologies. Even where automation has
created labour displacement, continuing increases in invest-
ment and output have more than compensated, assisted by
government action and managerial strategies.The latter often
involve using technology di¡erently to typical `leader' strate-
gies, with less emphasis on labour saving andmore on improv-
ing product quality or breaking into newmarkets.
Slowlybut steadily,¢rms in certain sectors seem tobe emerging
from a phase of catching-up to a phase of leadership. This is
accompanied by an apparent adoption of Western character-
istics of electronics industry leadership such as globally com-
petitive R&D and use of leading-edge technology.
East Asian electronics industries have been, and are likely to
remain, signi¢cantly export-oriented. Nevertheless, these
countries' domestic markets are growing, especially certain
consumer markets, driven on by the rising level and relative
equality of incomes. In the future inequality between export-
and domestic-oriented production is less likely to emerge.
Although the attention of foreign producers will be drawn
increasingly to these domestic markets, the overall outcome
for production, income, and jobs is still likely to be positive.
The electronics industries of Hong Kong, Republic of Korea,
Singapore, and Taiwan (Pr. China) are constantly maturing.
The signs in the late 1990s point towards a declining strategic
role for government, after nurturing sections of the electronics
industries in their infancy, and towards an increasing role for
industrial managers and entrepreneurs. Future success is still
likely todependongovernment action to support the industrial
infrastructure, local R&D, easy access to new technology, and,
perhaps most importantly, education.
Box 7.1 - Skills impacts of new technologies in the microelectronics industry
Source: Heeks and Slamen-McCann (1996).
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waning of strengths through the period between the late
1940s and mid-1990s in integrated circuit production in
the United States, Europe, Japan, and the Republic of
Korea, that `the competitive position of a nation's semi-
conductor industry hinges upon its relationships with its
customers, the companies comprising the electronic
system industries, and upon the industrial structure of
the semiconductor industry itself, including the processes
of evolution and recon¢guration resulting from techno-
logical change' (Langlois and Steinmueller1997: 2).
Although the importance of the role ofgovernments in the
governance system is recognised, they argue that `the
actors in this industry's drama ¢nd themselves alternately
constrained and liberated by the evolution of circum-
stances over which they, and their governments, have
little direct control. These circumstances include the
uncertainties of the path of technological change; the
conditions and strategies adopted by their customers in
the electronic systems industries; the changing needs,
interests,policies ofothergovernments;andthe strategies
of international competitors' (Langlois and Steinmueller
1997: 3). For countries that see the technological revolu-
tion in the ICT industry as an opportunity to forge ahead
in competition with players in the world market or to
meet domestic demand, the lesson is that there is no
`optimal strategy' for competitive success that is indepen-
dent of time and particular circumstance. Assembling the
key capabilities for success in any segment of the ICT
industry is highly dependent upon changing synergies
and interdependencies between production and
consumption.
7.4 Technological innovations and the global
reach of satellite infrastructures
The extremelyunevendistributionof telephonemainlines
world-widehas ledsomeobservers tolookto technological
innovations in telecommunications as ameans of alleviat-
ing the scarcity of this resource in developing countries.
For countries with very low telephone penetration rates,
Low Earth Orbiting Satellites (LEOS) are enticing. The
developers of the new systems argue that they `will foster
the very economic development thatwill fuel the demand
for the service' (Gilder 1994b: 7) and that they will
`provide the same high grade of coverage to all parts of
the worldwithout any signi¢cant investment by develop-
ing countries' (IridiumToday1994: 10).
LEOSare expectedtoplayakey role in extending the reach
oftheglobal informationinfrastructure(GII)and allowing
poor countries to join the global information society
(Iridium Today 1994). Technological `leap-frogging' will
be feasiblewith the provision of an`instant infrastructure'
to allowdeveloping countries to avoid building an expen-
sive terrestrial ¢xed network (see Box 7.2). Others argue
that LEO services will be priced beyond the reach of
most of those who do not have access to terrestrial tele-
phone services andthat thiswill reduce the revenues avail-
able to national public telecommunication operators for
investment in the extension of the terrestrial system or
geostationary orbit satellite services to rural and remote
areas.This section examines the extent towhich this inno-
vation in communication technology is part of the system
that needs to be assembled to achieve the modernisation
of communication networks in developing countries.
LEOS can be classi¢ed according to their transmission
capabilities. `Little LEOS' will o¡er data-only services
such as paging, low speed data communication, and
cargo and vehicle tracking; `Big-LEOS'will provide voice
telephony in addition to value added services such as fax,
e-mail, and other modem data transmissions. These
systems are planned for operation by the end of the1990s
(seeTables 7.5 and 7.6).
The larger systems are planned to support `GlobalMobile
Personal Communications' (GMPCS). All of the
currently planned systems are non-geostationary satellite
systems and, because of the low orbits and large number
of satellites required to achieve global coverage, investors
must commit substantial funds before service can be
o¡ered. These systems can provide service directly to
end-users.The International Telecommunication Union
World Telecommunication Policy Forum has advocated
widespread non-discriminatory licensing of GMPCS
networks and unrestricted circulation of handsets and
other user terminals (Tyler 1997). By February 1997,
World Trade Organization negotiations had gone some
way to opening market access for satellite services (see
Chapter 9).
Because of their low navigational altitudes, typically from
700 km to a maximum of 12,000 km (Medium Orbit
Satellites), these satellites will orbit the earth at a very fast
speed.A large constellation ofLEOS is needed to guaran-
tee that at least one satellite is always above a speci¢c
service area. Instead of using ¢xed ground stations, users
with `wireless' mobile terminals can access commercial
satellite systems for voice and data applications (Cochetti
1994). Small hand-held terminals, similar to cellular tele-
phones, will allow use in rural and remote areas.
Proponents of these systems suggest that theLEOservices
will support: basic telephone and data services to connect
isolated villages with large cities using solar powered
phone booths, particularly where alternative facilities are
impractical or uneconomical; commercial enterprises
such as mining, logging, utilities, agriculture, road
construction, and long haul transportation; emergency
and disaster relief e¡orts; telemedicine and distance
education; and access to Internet and other applications;
and government o¤cials visiting rural and remote areas
(Kensinger1996, Cochetti1994).
The prime movers on the Big LEOS scene are operators
who received clearance from the United States Federal
Communications Commission in 1995. Licensing the
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Mobile Satellite Systems, as the LEOS were designated,
involved a negotiated rule-making procedure whereby
satellite system operators negotiated frequency coordina-
tion with each other and with current domestic users of
the radio frequency spectrum. The ¢rst request to
operate a LEO system was ¢led by Iridium in 1990 and
similarapplications fromotherNorthAmerican operators
soonfollowed.Overfouryears elapsedbefore the domestic
licences for the global systems were authorised.However,
the process of internal negotiation and coordination
meant that the way was paved for a concerted e¡ort to
obtain the necessary international frequency allocations.
At theWorld Administrative Radio Conference of1992 in
Spain a watershed in the telecommunication world was
reached. Frequencies were allocated to global wireless
technologies, including LEO systems, and a radio
frequency spectrum agenda was established emphasising
the primacy of mobile radio services over ¢xed applica-
tions (Sung 1992). At the World Radio Conference
(WRC) in 1995 additional spectrum was allocated for
mobile services. This time, the winners of the month-
long round of negotiations held in Geneva were the Big
LEO systems (seeTable 7.7) (Foley1995).
The decision-making process in the US and the subse-
quent allocation of operational frequencies by the
Box 7.2 - LEO operators target developing country markets
Globalstar is a technological and economical business solu-
tion for mobile and ¢xed telephony. It is designed to
integrate existing terrestrial telecommunication systems,
not bypass them. Globalstar bene¢ts service providers and
government telecommunication operators that need low-
cost regional and national communications (Globalstar
1996).
Globalmobile satellite serviceswillextenddomestic telecom-
munication networks. The increased tra¤c promises to
expand domestic tra¤c and increase the income earned by
national telecommunication operators. Global mobile satel-
lite services will allow every country, and in particular
developing countries, to provide instant telecommunication
services without the large investment that otherwise would
be required to develop a local infrastructure (IridiumToday
1994).
For the ¢rst time, Odyssey satellites will provide rural and
remote areas of developing countries with the same a¡ord-
able, modern, reliable telephone service enjoyed by the
people in developed countries (Rusch andLeventhal1996).
International Telecommunication Union have far-
reaching implications. The procedures of the Federal
Communications Commission provided a model that
Table 7.5 - Little LEOS approved as of January 1995
Name Holding company Number of satellites Altitude km Start-up date Estimated cost to
build and launch
(US$million)
STARSYS General Electric/
CLS France
6 (initial) 1,000 1998 200
ORBCOMM Orbital Science Corp. 36 775 1998 100
VITA non-profit 1 1,000 1990 -
modification 3 800-1,000 1998 -
TELEDESIC McCaw/Gates/
AT&T
840 695-700 2001 9,000
Note:Teledesic is not a `little LEO' in the conventional sense. It is designed as a huge (1Ghz in Ka band) broadband system, an `information superhighway in the sky'. It will not
offer conventional voice telephony, but will focus on the computing market offering video teleconferencing and downloading of audiovisual services, for example, a two-hour
feature film is expected to take 16 seconds (Guilder 1994b).
Source: Chenard (1996); Kensinger (1996); US Congress Office of Technology Assessment (1995b).
Table 7.6 - Big LEOS approved as of January 1995
Name Holding company Number of satellites Altitude km Start-up date Estimated cost to
build and launch
(US$million)
GLOBALSTAR Loral/Qualcomm 48 1,414 1998 2,200
ICO INMARSAT 10 10,000 1999 2,600
IRIDIUM Motorola 66 780 1998 3,400
ODYSSEY TRW 12 10,355 1998 2,300
Source: Compiled from Chenard (1996), Globalstar (1996), IridiumToday (1996), Rusch and Leventhal (1996).
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can be copied or modi¢ed to deal with issues and policy
options for the introduction of LEO systems. For
example, the auctioning of mobile satellite licences, a
process initiated in1992, has been emulated by Australia,
Colombia, Ecuador,Venezuela, and India, among others
(Chenard1996).
Table 7.7 - Frequencies allocated to LEOS
Satellite system Frequency band (Up/Down links)
STARSYS -
ORBCOMM 148-150.05/137-138MHz
VITA 148-150.5/137-138; 400.15-401MHz
TELEDESIC 18.9-19.3/28.7-29.1GHz
IRIDIUM 1610-1626.5/1610-1626.5 MHz
GLOBALSTAR/ODYSSEY 1610-1626.5/2483.5-2500MHz
ICO 1980-2010/2170-2200MHz
Source: Compiled from Leite (1996); Kensinger (1996).
Decisions emerging from the licensing process in the
United States led to that country's claim to 100 per cent
of two important frequency bands and appeared to settle
de facto many matters about how these bands would be
used.This had two implications.
] First,given theneedfor replacements tokeepthe satellite
constellations operational (satellites at low altitude have
a life-span of 4 to 10 years), international allocations
may result in permanent occupation of spectrum e¡ec-
tively precluding the development of other systems in
favoured frequency bands.
6
] Second,LEO signals have the potential to interferewith
other telecommunication services. Although technical
proposals for spectrum sharing are emerging, sharing is
not always feasible. For example, the 30 to 300 MHz
frequency rangeused forLittleLEOSmaycause disrup-
tions to existing low cost applications such as private
radio land mobile services for police, taxi and ¢re
brigade usage, and FM broadcasting which also use
Very High Frequency bands (US Congress O¤ce of
TechnologyAssessment1995b).Geostationary telecom-
munication satellites, the technology currently used for
domestic and international telecommunication services,
have been protected from harmful interference by the
International Radio Regulations. Non-geostationary
systems have been put on an equal footing with geo-
stationary systems and developing countries have
expressed concern about the issue of interference.
7
The di¤culties of frequency coordination are not the only
challenges facing developing countries.To provide seam-
less mobile service world-wide, systems operators must
obtain regulatory approval on a country by country basis.
As provision to unserved populations is expected to
account for a large part of the market, proponents are
strategically courting the developing world for service
authorisation.
Two related issues need to be addressed when planning
LEOS regulation: interconnection to the public switched
telephone network, and bypass of that network. Satellite
operators are seeking a regulatory environment which
creates a `level playing ¢eld' and reasonable, non-
discriminatoryaccess tothedomesticpublic switched tele-
communication network (Kensinger 1996). Competition
is expected to bene¢t consumers through lower prices
and more innovative services. The operators argue that
the market should be allowed to determine which LEO
systemwill prevail. In order to operate in any country, the
satellite system operator must obtain approval for the use
of the frequencies, the terminal equipment, and the
services. To facilitate international roaming, that is, the
transborder use of satellite telecommunication, the free
circulation ofmobile terminals is being actively promoted
by operators in multilateral fora and on a regional basis.
Demand for business networks and advanced information
services is closely relatedtorequirements for the extension
of the national public switched telecommunication
network to unserved areas and the accessibility of services
for low-income users. A¡ordability of user terminal
equipment and the cost of air time will be crucial factors
in the choice of LEO systems. Quality, scope of service,
and scalability, are also major considerations. It is unclear
whether the competing alternative systems will o¡er the
same qualityof transmissionworld-wide.Other outstand-
ing issues include whether the use of this technology for
voice telephony is desirable and whether the systems will
be able to increase capacity as needed.The International
Telecommunication Union has prepared a checklist of
technical and regulatory factors which developing coun-
tries need to take into account as they consider the advan-
tages and disadvantages of licensing alternative LEOS
services that interconnect with their existing networks
(Parapk1996).
Another concern forLEOSregulation at the national level
is the issue of bypass. Bypass refers to the loss of revenue
by a national public telecommunication operator due to
the`bypass'of the domestic terrestrial telecommunication
network using a satellite-based mobile communication
system. Satellite operators argue that access charges for
connection to thedomesticpublic switched telecommuni-
cation network and the service provision charges that are
paid to domestic operators will bring ¢nancial bene¢ts to
the countries in which they operate. However, some
domestic telecommunication operators take a di¡erent
view because they believe that tra¤c will be diverted
from their networks. Maintaining and extending public
access to conventional and advanced telecommunication
services requires policies that promote a balance between
the internal requirements of developing countries and
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the technological and economic characteristics of the
di¡erent LEO systems.
This sectionhas focusedonLEOsystems as an illustration
of the opportunities and problems created by technical
innovations in satellite technology. A related set of issues
that needs to be considered by developing countries
stems from the growing opportunities for the `dual use'of
satellite systems (Gasparini Alves1996).The military and
civilian applications of the `simultaneous multiple use'
satellite systems have implications for national security
andfor theprovisionofdatausedin international observa-
tion systems supporting environmental protection, crop
production, the management of natural and other disas-
ters, as well as monitoring narcotics legislation enforce-
ment and providing dedicated communication systems to
thepolice andthearmedforces.In thefuture itwillbe tech-
nically feasible for civilian satellites to undertake military
missions andformilitarysatellites toprovidecivilianfunc-
tions.`Dual use' considerations arise with respect not just
to the data and remote sensing imagery applications but
also with respect to telecommunication, broadcasting,
global positioning, and other services. Emerging space-
competent states include Brazil, India, Indonesia,
Pakistan, SouthAfrica, the Republic of Korea, and Israel.
A publication by the United Nations Institute for
Disarmament Research suggests that with the exception
of India and Israel, the capacity of most countries
to develop a high level of autonomy, including indigenous
launchers, has been limited by the international Missile
Technology Control Regime and similar measures. ...
However, this trendhasbeeno¡set toahighdegreebyan increase
in the availability of commercial launch services ... Thus,
access toadvanced space capability formany states has actually
increased (Steinberg1996: 33).
Technological innovations a¡ecting future satellite
systems raise two main questions. Firstly, there are new
issues about the military uses of satellite systems and
their impact on international stability and the potential
for an arms race in space. Secondly, they raise problems
of access for developing countries that do not have direct
access to space capabilities for commercial, technological
and national security purposes (Gasparini Alves1996).
7.5 New media services and the broadcasting
and cable television sectors
As technologies in the ICT sector converge allowing
communication, information, and audiovisual services to
be distributed using many di¡erent types of networks,
the importance of the broadcast and cable industries
cannot be overlooked as components of the national
information infrastructure that need to be assembled.
Recent statistics on the availability of cable television
systems and the introduction of new media services such
aspaytelevision,areunavailable formostof the developing
countries. The country studies which contain limited
informationprovide little basis for international compari-
sons.However,many developing countries have extensive
broadcasting networks and, in some cases, cable television
networks have been put in place in the 1990s to support
the distribution of information and audiovisual services.
In this section recent developments in Brazil and India
provide an indication of the need to introduce policy and
regulatory arrangements to address issues including the
relationship between telecommunication, broadcast and
cable providers, the rules concerning cross-media owner-
ship, the feasibilityofproviding local or national program-
ming (information and entertainment), and the measures
a¡ecting foreign investment in the new networks and
services.
7.5.1 Introducing new media services in Brazil
InBrazil commercialpaytelevision services arrivedonly in
1991 when several major cable systems were constructed
in the cities of Floriano
¨
polis and Curitiba and wireless
cable services were introduced in Sa
¬
o Paulo and Rio de
Janeiro. Five years later, in 1996, a Ku-band satellite
service was launched by Galaxy Brasil (a subsidiary of
Tevecap and a¤liate of DirecTV).The delay in the intro-
duction of this new media service has been attributed to
the absence of regulatory legislation, the high quality of
Portuguese-language programming available on o¡-air
broadcast television, and the extensive geographic cover-
age of the national broadcast networks.
Four technologies are inuse to support the deliveryofnew
media pay television services - satellite, wireline cable,
wireless cable metropolitan multipoint distribution
systems (MMDS) and the ultra high broadcast frequen-
cies. Ultra High Frequencies (UHF) represent only
about 15,000 subscribers. Satellite TV was transmitted
using C-Band analogue technology until recently when
the launchof theGalaxyBrasil andNetSat satellites intro-
duced Ku-Band digital systems which are expected to
predominate in the future.
Demand for pay television services is signi¢cant. Some85
per cent of Brazilian households have television sets and
the average television household watched television for
more than four hours per day in1995.Themarket for tele-
vision sets is expected to grow and it is estimated that
Brazilian companies will manufacture 9 million sets in
1997 with annual sales increases of at least 50 per cent
thereafter. However, the penetration of pay television
services is relatively low. At the end of 1996 there were
only 1,850,000 pay television subscribers representing
only 4 per cent of the potential market. In comparison,
the pay television penetration rate is 50 per cent in
Argentina and 20 per cent inChile as a percentage of tele-
vision households.
Cable television(CATV)services are inoperation inBrazil
and this market is expected to expand during the 1996-
2001 period following the approval of a Cable Act in
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January 1995 which is favourable to the introduction of a
range of new media `convergent' services. The Brazilian
Ministry of Communication (MINICOM) is responsible
for regulatingthe television industryandgranting licences
for cable, wireless cable and theDirect Broadcast Satellite
services. The licences are granted on a non-exclusive
basis for eachmetropolitan area to one ormore companies
(with open competition). They are valid for 15 years and
are renewable as long as the operators remain within the
terms of the licence and agree to meet some technical and
economic requirements. Subscription rates and installa-
tion fees are not regulated, except in regions where only
one operator exists.
In1991, 101licenceswere granted byMINICOM, leaving
over 2,000 licensees' bids awaiting approval. In 1995,
MINICON authorised operators in the telecommunica-
tion and CATV industries - including AGTelecom,TVA
and Globosat to begin trials of local multipoint distribu-
tion services (LMDS). In 1996, concessions were made
to broadcasters to convert their networks into CATV
operations. MINICOM has been considering standards
for evaluation and award of new licences using new
technologies.
There are nine operators of wireless MMDS, the largest
with around 200,000 subscribers, or 35 per cent of that
total. Compared to wireline ¢xed cable systems, MMDS
is simpler to provide and the prices are lower.
Transmissions are sent by microwave to an antennae
installed at the subscriber's home. MMDS systems can
be implemented more quickly than ¢xed cable networks
andthe capital costper subscriber is aboutUS$500 result-
ing in pro¢tability at lower penetration rates and making
it more attractive for low density regions. Fifteen year
renewable licenceshavebeengrantedtoMMDS operators
for the provision of up to16 channels at the2.5GHz band-
width and for coverage areas up to a 50 kilometre radius
from transmission sites. When licences are granted for
more than 16 channels, two must be used for educational
and cultural programming.
NET Brasil is the largest operator in Brazil with 400,000
subscribers in many cities. The consortium is owned by
Globopar (40 per cent), RBS (18 per cent), Mcom
Telecomunicac° o
¬
es (31 per cent), and other small share-
holders. Globo Grup is the largest media group in the
Brazilian market and Net Brasil is expected to dominate
the market when cable licences are distributed. In 1996
Globo started o¡ering `Sky'direct-to-home services and
uses PamAmSat-6 to distribute its programming. The
aim is to attract 80,000 subscribers in 1997 with the help
of Gradiente, a Brazilian electronics company, that has
invested US$ 23 million in `Sky' access products.
Multicanal operates CATV services in 18 Brazilian cities
and is owned by Mcom and Net Brasil. It maintains a
degree of autonomy from Net Brasil with respect to
network development and is focusing its e¡orts only on
proving cable television services.
Although it is the secondoperator in themarket in termsof
the total number of subscribers, TVA has led Brazil's
MMDS subscribers since 1992 with around 310,000
subscribers in 1996. A partnership between Hughes
Communication, Venezuela's Cisneros Goup, Tevecap,
and MVS Multivisio¨ n has led to the launch of DirecTV
services in Brazil, with the exclusion of the North (the
states of Amazonas, Para
¨
, Ro
ª
ndonia, Amapa, Roraima
and Acre) where the `footprint' of the Galaxy Latin
America satellite does not reach. TVA has attracted
foreign investors and partners to face competition in the
Brazilian market. Chase Manhattan bought a 17 per cent
interest in June1994 andTVA has been restructured into
six companies, each with a foreign partner. Tevecap,
TVA's holding company, is owned byGrupoAbril, ABC-
Disney/Hearst Publishing, Falcon Cable, and Chase
Manhattan.
Current regulations restrict commercial arrangements
between telephone and cable operators, but `convergent'
services are emerging on a small scale in some states. In
December1996, theMinistry of Science andTechnology,
which regulates Internet use, passed legislation that
would allow Internet use over cable television backbone
networks. However, some state operators, Telebahia,
Telesp, and Telemig, are already working with the largest
CATV companies, and the telecommunication operator,
Telebras, is installing anetworkplatformforcable services
to facilitate transmission of their programmes using the
existing telecommunication network.
Emerging convergence operators (those o¡ering a mix of
telecommunication voice and data services and inform-
ation or entertainment services) are likely to become
strong competitors to the existing basic telecommunica-
tion service provider.Brazil's cable operators are position-
ing themselves as potential basic telephone service
operators and they are designing their networks so that
they can be easily upgraded to o¡er multimedia services,
including Internet access and teleconferencing, in addi-
tion to basic telephone services.
7.5.2 Growth potential and investors in
Indian media services
In India a Broadcasting Bill introduced in the Parliament
in 1997 is being debated by various stakeholders and the
outcomewillhave a signi¢cant impacton the development
of satellite broadcasting and cable television in the future.
The Bill represents the culmination of the number of
issues andconcerns thathavebeenraisedas a consequence
of rampant expansion of cable television services in India.
As yet, there are no clear guidelines regarding the provi-
sion of cable services although a system of licensing is in
place in some states and theGovernment of India expects
cable operators to distribute at least two channels of the
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state-owned Doordarshan (Indian Television Network).
However, no monitoring mechanism is in place to ensure
that they in fact carry these channels.
The operation of cable television services in India is rela-
tively simple. A local entrepreneur sets up an earth
station antenna and associated equipment in a viable
neighbourhood and extends the service to as many house-
holds as possible. Approximately 100 to 150 houses can
be handled by one operator.The a¥uent households and
hotels usually have their own antennae. Depending upon
the number of channels provided a tari¡ is chargedwhich
includes an installation charge of Rs 1000-1500 (US$
30-35) (in some areas less), and a monthly subscription
fee.The subscription fees di¡er from one state to another
dependinguponwhether the state levies an entertainment
tax which, in turn, is passed on to the subscribers. The
subscription fees are between Rs 100-150 (US$ 3-5) per
month.The cable operator may be independent or a fran-
chisee of a larger group which is usually an extension of
the broadcast television network owners, the latter being
the growing trend. For example, the popular Zee network
owns Siticable which has a number of franchisees.
The number of channels available varies from city to city.
Variations arise because a small number of cable operators
control the large subscription base in the metropolitan
areas. About 25 channels/networks publicise their
programming schedules in the newspapers.These chan-
nels are in addition to the state-owned Doordarshan
which has a primary channel, a national channel, a metro
entertainment-based channel, and 14 other channels to
cater to di¡erent linguistic groups. Thus, in India
subscribing to a cable service means having access to
multiple channels.Themarketingstrategyofthe television
manufacturers is to limit the number of channels the set
can provide in order to increase sales of sets asmore chan-
nels become available.
The growth of the cable industry in India is limited by
several factors. From a population of nearly1billion there
are about 270 million broadcast television viewers with
access to a set in their homes. It is estimated that there
are about 145 million viewers who do not have television
sets in their homes but who watch programmes in other
locations.Total viewers are estimated at about 45 per cent
of the total population. However as far as cable television
is concerned, of an estimated 52.5 million households
only about 10 million have satellite television service via
their cable operator.When cable services were introduced
in the early 1990s all the services were free and many of
them continue to be so.There is a trend towards introdu-
cing pay television services involving the cable operator
rather than the subscriber. The cable operator pays a
quarterly rentto obtain thenecessaryde-scrambling inter-
face to supply the channels, for example, the Star Movie
andDiscovery channels.
The debate on new media policy and regulation in India
centres around the role of the government as simply the
licensing authority or as a regulator of content and owner-
ship. Strong lobbying by the foreign television interests
advocates a laissez faire policy in all respects. Another
group wants collaboration in which Indian companies or
individuals have an equal stake in any new ventures.
Some are calling for cross-media ownership restrictions,
while others lobby for their complete removal. In addition
there are strong views concerning the need for content
regulation to respond to the sensitivity of the cultural and
moral fabric of the country.
Fears of `cultural imperialism' as a result of imports of
foreign programming have been overcome by exploiting
di¡erent languages as `cultural screens' (Smythe 1981).
The success ofmanyregional languagechannels especially
inSouth India suggests the presence of this phenomenon.
These channels also emerged as anti-centralist moves to
avoid imposing one language and one identity on the
nation. Some of the regional networks are controlled by
the ruling regional political parties and it has been
suggestedthatthesenetworkoperatorsmayobtain conces-
sions and incentives that will enable them to prosper in
the new media services market. The attractiveness of
imported programming is also limited by language diver-
sity. Many long-running American soap operas have
been dubbed in Hindi to make them more attractive.
However,while dubbedcartoons arepopular, the popular-
ity of dubbed versions of Santa Barbara andThe Bold and
theBeautiful is notveryhigh,although theEnglishversions
of these programmes are very popular among the elite in
India.
Criticismhas been levelled at the cable television industry
because, although it o¡ers more channels, they tend to
cover the same type of programmes, that is, ¢lms,
sitcoms, and games shows. There are limited audiences
for very good, sensitive programmes. Cable television
started in India as a cost e¡ective alternative to watching
¢lms using a video cassette player (VCP).W|th oneVCPa
cable operator could feed 50 to 60 homes. This practice
developed into satellite services during the Gulf War
when CNN started beaming its programmes via satellite.
In response Doordarshan launched a commercially
oriented programming policy that provided viewers with
more entertainment programming. In terms of both
viewing time and channel expansion, the State network
was unable to satiate viewers.The arrival of STARTV in
December1991heralded the multi-channel era and cable
operators became important as service providers.
At present it is unclear whether the private telecommuni-
cation operators will move into the entertainment tele-
vision business using new technologies to provide value
added services. The spread of PCs and the Internet may
also a¡ect the growth potential of the cable industry.
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Cable television is currently an urban phenomenon cater-
ing mainly to the middle classes as potential consumers.
In1997 foreign interest in the television industry in India
was represented by Rupert Murdoch's News Corp which
owned 50 per cent of Asia Today Ltd with the Indian
partner, Essel Group, which owned the other 50 per cent.
The Dow Jones group owned 50 per cent of Asia
Business India with Hindujas and TV-18 which both
have a stake. Sony owned 80 per cent of Sony
EntertainmentTelevision in India and there aremerchant
bankers and other foreign companies with future invest-
ment plans.
As of mid-1997 it was expected that a Broadcasting
Authority of India would be created to regulate satellite,
cable, and radio channels. Foreign equity interests would
be restricted to 49 per cent rather than the 100 per cent
which in some cases has emerged in the absence of regula-
tion.Crossmediaownershiprestrictions andother regula-
tory provisions in place in other countries would be
adapted to Indian conditions. A common programme
code for all broadcast channels would also be introduced,
but the policy frameworkwill depend on a report and the
recommendations of a 30-member joint select committee
of the Parliament.
7.5.3 Developments in Asian audiovisual
markets
Observershavenotedthat there are twoAsias,one richand
the otherpoor.The richcountries are largely concentrated
inEastAsia.These include Japan and the newly industria-
lising countries and, increasingly, the next generation of
newly industrialising countries in Southeast Asia.
According to Dato
¨
Jaafar Kamin, President of the Asia
Paci¢c Broadcasting Union (ABU), the complexity,
disparity, and contrasts in the broadcasting systems oper-
ating in Asian countries make Asia the most challenging,
yet the most promising, region in the 21
st
century.
Technologicalchange is atthecoreofthechangingscene in
information services and audiovisual markets.As techno-
logicaldevelopments accelerate,newapplicationsprolifer-
ate with far-reaching consequences for individuals and
institutions, practitioners, and policy-makers, and
national and international bodies in the audiovisual
production ¢eld. The mantra for the new millennium is
`convergence'.To quoteRupertMurdoch: `The traditional
distinctions are breaking down. Five of the world's
biggest industries - computing, communications, consu-
mer electronics, publishing, and entertainment - are
converging into one large dynamic whole' (see Menon
1996: n.p.). Information gathering, processing, storage,
and transmission over telecommunication networks will
enable technologically advanced nations to close the 20
th
century as information societies. In Asia, there are coun-
tries, such asMalaysia, that are establishingMulti-Media
Super Corridors andmuch of the action is in information
content and new forms of communication.
The telecommunication network is providing the electro-
nic platform for the development of new communication
and information services including database access, the
Internet, Pay TV, High De¢nition Television (HDTV),
andmultimedia.Theyare allmadepossiblebythe digitisa-
tion of the information and media content and the intro-
duction of a new variety of interactive services where the
interactivity is determined by users.
In Singapore, the Institute of System Science has done
pioneering work in the area of virtual reality. V|rtual
reality can be used today for three basic applications:
games, medicines and design walk-throughs. The
coming virtual reality revolution is expected to bring
about massive changes in the way society communicates,
designs, and plays. Anticipated applications range from
super telephones to interactive adventures and an in¢nite
`cyberspace' that contains all the information, machines,
and people in the world.
The Internet is having an impact on the news, publishing,
and advertising industries.The Internet's fusion of some
of the capabilities of traditional media could lead to new
modes of usage.The main di¡erences will be interactivity
in communication andthe facility to time-shift consump-
tion of information.The traditional structure and role of
broadcasting is expected to change dramatically in the
coming decade. As transmission and programme produc-
tion bene¢t from technological innovation and as pro-
gramming becomes less labour-intensive, stations will
require multi-skilled journalists rather than technical
specialists. Downsizing and structural changes will radi-
cally alter broadcasting in Asia.
As international economic integration expands and tech-
nologies advance, government control of the economy is
becoming weaker and national regulation is eroding, a
good example being international satellite transmissions.
The loosening of government monopoly and control of
broadcastingwitnessed in thepast fewyearswill accelerate
as changingtechnologyandincreasingcompetitionneces-
sitate speed and £exibility in decision-making and higher
revenue generation. Corporatisation, privatisation, and
competitionwill continue to be the predominant trends.
Public serviceprogramming is likelyto su¡er in the rush to
maximise pro¢ts. However, as in the case of Singapore, it
may be possible to incorporate national goals in commer-
cial programmes. Regional initiatives to counter foreign
programming dominance are also likely to gain support.
Broadcastinghasgrownfromanational to a regional activ-
ity and is now on the verge of developing an international
dimension.This is facilitatedbythe commercial broadcast
stations and networks being under the umbrella of trans-
national corporations, for example, Zee TV in India.
This, in turn, will contribute to a fundamental shift in
audience focus away fromdistinctive national characteris-
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tics, facilitating global marketing campaigns by adverti-
sers. New complaints of hegemony, trivialisation, and
cultural erosion, could occur as entertainment
programmes are designed to promote speci¢c brands.
Interactive television provides new opportunities for
commercialisation. This phenomenon has already
appeared inAsia and it canbe expected to spread as televi-
sion and satellite shopping gain in volume.
The Asia Speaks Out project is being promoted by the
Hoso Bunka Foundation (HBF) and ABU. In April 1995
this projectwas initiated andpursuedbyvarious organisa-
tions including HBF and ABU. The project is assessing
practical means of promoting co-productions and
exchanges; better distribution and use of ABU prize-
winning programmes; economic means of dubbing/sub-
titling television programmes and ¢lms; cooperation
between public and private sector broadcasters; and
ongoing research into broadcasting systems, media laws/
regulations and aspects of programming, including the
e¡ects of television programming onAsian children.
The project represents a positive move, that is, ameans to
intensify understanding and cooperation among Asian
countries.The e¡orts of similarly oriented organisations,
such as the ASEAN Committee on Culture and
Information (COCI), where representatives from the
sevenASEANnationsmeet regularly to initiate and¢nan-
cially support projects in broadcasting and print media
development, should also be recognised. Regional
cooperation is one way to ensure that some part of the
programming content originates in Asia. Examples of
such programmes (ongoing or proposed) are Asia Bagus,
ABU Hour, Asia Now TV Documentary Competitions
andAsiavision.
Cooperation in broadcasting could not be achieved
without the support and understanding of commercial
players such as Star TV and CNN. Their involvement
raises policy issues for Asian countries which need to
decide between the options of `open' and `controlled
skies'. Some countries have imposed quotas on the
import of foreign programming. Others have stipulated
that foreign programmes be dubbed, or at least subtitled,
in the national languages. At themoment, these measures
seem to have achieved a modicum of success. Private
broadcasters and advertisers are beginning to appreciate
that their programmes will reach wider audiences if
dubbed or subtitled in the national languages of countries
such asThailand, Japan, Indonesia, and Malaysia, where
the national language predominates. Ultimately, market
forces will determine which foreign programmes survive
in such an environment.Those responsible for radio and
television programmes will have to meet the challenge of
providing Asians with programmes based on Asian
values and culture, working with governments to
promote this objective.
7.5.4 Convergence and the transition
economies
The Polish experience illustrates the way policy measures
are being introduced as the country restructures the
media industry.The measures parallel many of those that
are being implemented across the European Union.
Many of the central and east European countries are
seeking to rapidly expand the telecommunication infra-
structure.Technologies such as cellular communication,
digital overlay networks, satellite networks, and wireless
in the `local loop' are being used to supplement core tele-
phone networks. Cable telephony is o¡ering the potential
tomeetdemandand installation o¡ers to sources of reven-
ues from information/entertainment (multimedia)
services and telecommunication services.
The number of television homes and the number of those
connected to cable television by cable and satellite
networks as of1993 are shown inTable 7.8.
Table 7.8 -Transition economies cable and satellite
penetration, 1989 -1993
1989 1990 1991 1992 1993
TV homes (m) 19.3 20.4 21.5 22.6 24.0
Cable
Subscribers (m) 0.26 0.34 0.53 0.95 1.31
% of TV homes 1.10 1.70 2.50 4.20 5.40
Satellite
Receivers (m) .01 0.03 0.08 0.38 0.67
% of TV homes ^ 0.10 0.40 1.70 2.80
Source: Industry estimates byDatamonitor cited in Law (1995).
Cable television is highly developed in Russia where it is
estimated that there were some 10 million cable subscri-
bers in1995representing22percentofalltelevisionhouse-
holds (MDIS 1997). In Moscow until 1996 there were
some 80 cable operators serving between 5,000 and
10,000 subscribers and o¡ering six terrestrial channels.
In the same year, the operators were required to inter-
connect their networks to form one network operated by
MoscowMunicipal CableTelevision, which is now plan-
ning to upgrade the network.There are plans for Lucent
Technologies (US) to install a 30 channel digital network
passing 1 million homes by the year 2000 and a further
2.5 million homes by 2006. In January 1997,
CellularV|sion of Russia received permission from the
Ministry of Communication to o¡er telephone service
via its Local Multipoint Distribution Services (LMDS)
under a 10 year licence to o¡er television, data trans-
mission, and local and long distance telephone service
throughout the country.
In other transition economies, such as Bulgaria, for
example, although cable television distribution licences
have been granted to private companies since 1994, few
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new networks have been built and minimal services are
provided. In contrast in the Czech Republic there were
estimated to be 600,000 cable subscribers in mid-1995
and three operators have begun to o¡er telephone services
over the cable network (MDIS 1997). In Hungary, there
were1.52million subscribers in1995or 40per cent of tele-
vision households although many were connected to
systems o¡ering less than15 channels.The largest opera-
tor, Kabelko
¨
m, is a joint venture between T|me Warner
and United Communications International (a United
States concern).
These examples suggest that the cable/satellite infrastruc-
ture in the transition economies is likely to expand as a
service delivery mode. This, in turn, will raise policy
issues for existing public broadcasters and government
authorities as they seek ways of maintaining the viability
of `public service broadcasting' in the face of an increasing
number of commercial operators of service delivery
networks. The case of Poland provides an interesting
example of the structural changes in the new media
markets and highlights the di¤culties in producing local
content to meet the potential increase in transmission
capacity.
The legal set up forPoland's broadcasting sector is consti-
tuted by a regulatory authority, the National Broad-
casting Council which issues broadcasting licences, and
the Broadcasting Act adopted in 1992 which determines
quotas for domestic Polish broadcasting stations. The
Council di¡erentiates between the quotas for di¡erent
types of broadcasters and encourages the transmission of
domestic productions (Jakubowicz 1996). No longer a
monopoly,public television and radiohavebeen separated
and are regulated by the Council. The involvement of
foreign companies is limited in all areas of broadcasting,
production, programme content, and distribution.
Rather than using public funds, Polish Television (state-
owned) relies on licence fees andadvertising, and operates
two national, one satellite, and several local channels.The
development of commercial television is challenging the
public service Polish Television, but is hampered by a
radio frequency shortage due to the absence of an alloca-
tion policy.The army has retained the use of many of the
higher frequencies and there are technical de¢ciencies
including the underdevelopment of the transmitter
network. Small local television stations are struggling
¢nancially, but cable and satellite television channels have
matured.
Polish cable television via satellite is one of the largest in
Europe, reaching 2 to 2.5million households and o¡ering
up to 30 channels. Polish language satellite channels are
also increasing in number, the most successful being
POLSAT featuring mainly American ¢lms and series. In
1990, Chase Enterprises (US) announced a US$ 900
million investment in a national cable network but no
further progress was made. Poland already had a black
market in satellite television reception and the planned
monthly cable subscription charge of US$ 8 was consid-
ered too high for the market to bear. Poland's Direct-to-
Home satellite television penetration is the third highest
inEurope next toAustria andGermany.However, compa-
nies such as TCI, T|me Warner, Comcast, and US West
are said to be considering cable network investment in
the future (MDIS1997).
Polish Television is the largest television production
company and buyer of works produced by independent
producers. It plays an important role in complementing
the Film Production Agency by supporting the majority
of ¢lm productions. Film distribution takes place via
state-owned and leased cinemas and also via privately-
owned cinemas. Since American ¢lm distributors domi-
nate the Polish cinema market as well as the video
market, the Distribution Agency promotes the distribu-
tion of Polish and non-commercial ¢lms. Policies that
protect the domestic market from foreign imported
programming are believed to have prevented its domi-
nance. However, insu¤cient capital is available locally for
production and this is regarded as the major limitation to
the further development of Polish-owned commercial
television.
7.6 Software development challenges, export
markets, and domestic capabilities
Software is the driver of the ICT-led economic growth
being experienced across the developed world. The
market demand for new software solutions to business
problems is large(withworldsales ofsoftware approaching
US$ 200 billion per annum) and growing (OECD1994a).
This market is dominated by organisations in developed
countries. Nevertheless, many developing countries con-
sider that entry into the softwaremarket promises oppor-
tunities for economic growth.This section considers the
challenges facing governments and institutions in devel-
oping countries seeking to enter the software industry. It
focuses on policies for stimulating the development of
software-relatedcapabilities as aplatformformarketentry.
Strategies for software market entry are premised on the
understanding of software and the nature of software
work. Software is both a product and process technology.
It a¡ects the production of goods and services especially
where production is knowledge or information-intensive.
Software is not homogeneous and the main divisions are
between systems software, applications packages, and
development tools (Hewett and Durham 1987).
8
In the
industrialised countries, the range of software `products'
required by a variety of end-users, together with the
limitations of transferring expertise between market
nicheswithin the industry,has led to awidevarietyof soft-
ware producers operating in separate communities
within the industry. These include hardware manufac-
turers, system houses, software product companies,
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consultancies, and dealers.This array of software produc-
tion activity represents the minority of total software
development.Themajority is carriedout insidebusinesses
in the domestic economy, supporting cross-sectoral
production and process activities. As a result, software
cannot be treated as a single sector of the economy.
Despite considerable investment, the software develop-
ment process is mainly pre-industrial, that is, craft-
based, and skill intensive, with few economies of scale,
and low capital intensity (Brooks 1982). Methods of
production are generally ad hoc and implicit.
Diagrammatic representations of the software develop-
ment process aim to impose methodological order on
apparently chaotic practice. Typically, they represent the
software development life-cycle as involving a fragmented
set of discrete sequential activities or `phases' from
conception through to eventual obsolescence. Each
phase re£ects `discipline-bound' tasks originally
performed by di¡erent actors, often in di¡erent physical
locations. For example, the well known `waterfall model'
of software development (Figure 7.1) developed in the
late1960s and early1970s considers software development
tobe a linear process (Yourdon1992).Theprocess is repre-
sented as beginning at the `upper end' with the analysis
and speci¢cation of system requirements. It proceeds
through their translation into a system design and on to
the `lower end' tasks of coded implementation and
system testing. The substantial problems of software
development practice are re£ected in problems with this
representation of the process.
For instance, the development of software systems is often
paper-based and is not practised in a formal, rigorous
manner. It cannot be subjected to automated error check-
ing or mechanically transformed into programming
code.For large systems, this alsomeans that it is especially
di¤cult to trace through from requirements to the code.
Requirements may (and usually do) change radically over
the course of software development. One result of not
taking such changes into account is low quality software
where error detection is delayed until the ¢nal phase.
Requirements speci¢cation is the most error prone, and
consequently themost costly, phase of the software devel-
opmentprocess.T|mepressuresmitigate against thorough
testing andproblems are left to be sortedoutduringmain-
tenance.The results of the software development process
are not obtainable until coding has been completed.
Con¢guration management, the management of integra-
tion between individual system elements or modules,
does not typically occur until this time. Problems with
integrationare left formaintenance. In focusingonperfor-
mance of a series of atomistic tasks, the fact that software
development is a systemic process is often overlooked.
Software development work in industrialised countries is
highly dependent on skilled labour, has low capital inten-
sity and feweconomies of scale.The growingmaintenance
burden contributes signi¢cantly to development backlogs
which reduce the likelihoodofproviding timely and e¡ec-
tive solutions to competitive business problems.
Software is an impediment to the promise of ICT-led
growth.
7.6.1 Developing software capabilities
Governments and institutions in a number of developing
countrieshaveformedpolicies forstimulatingtheproduc-
tion of capabilities that are appropriate for entry into the
software market. The content of these policy measures
re£ects the more general industrial policies within the
economy as well as the particular understanding of soft-
ware and software developmentwork that is adopted.
The most common view of software development is a
`machine-centred'one.Software isunderstoodas a techni-
cally engineeredproduct - a computer program, an exten-
sion of the computer hardware, ultimately concerned
with the manipulation and control of hardware states. In
this view, the goal is to approximate, as closely as possible,
technical engineering practice.This is because the rigour
and precision of engineering principles are assumed to
impose predictability and control on traditionally ad hoc
software development practices and result in higher
quality,more reliable programs.
This `discipline-bound', machine-centred, perspective is
enshrined in thewaterfall model of software development
process (see Figure 7.1). Problems with software are
de¢ned as technical and are located with technical sta¡
and associated with technical production methods.
Alleviating software problems is seen to rely on the devel-
opment and di¡usion of tools, techniques, and methods
which urge software professionals toward the adoption of
increasinglyengineeredapproacheswhichfacilitate scien-
ti¢cmanagementsuchas the applicationofadvanced tech-
nological support forsoftwaredevelopment(Cooley1987).
Policy measures for skill development conceived within
this framework focus, for instance, on the provision of
Requirement
Definition
System and
Software Design
Implementation
and Unit Testing
Integration and
System Testing
Operation and
Maintenance
Figure 7.1 -The waterfall model of software development
Source: Sommerville (1995).
Reprinted by permission of AddisonWesley Longman Ltd.
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training courses in discrete, technical, computer-related
skills. Policy instruments which focus on the production
of low cost, low value, specialised technical skills for
export are short-term solutions to the need to generate
foreign exchange. They produce vulnerable industrial
structures in the domestic economy which serve as weak
platforms for entry into either the domestic or the export
software product markets. There is an alternative way to
understand the software and the software development
process which can lead to enhanced opportunities for
entry into the domestic as well as the export markets.
A di¡erent,`context-centred' perspective on the software
development process focuses on the need to solve
commercial business problems.The aim of system devel-
opment is to maintain integrity at the interface between
the entire information system (software plus hardware)
and its operational context.
9
This directs attention to the
need to understand the business context and to re£ect
that understanding in the speci¢cation of requirements
for holistic system design. For this reason, close relation-
ships between software client and producer should be
encouraged although this is di¤cult to achieve in practice
(Easterbrook1991).It involves discoveringaunique repre-
sentation of the business functions to be supported by
the software system.This representation needs to capture
the business understanding of the individuals within
eachbusiness functionwhowilluse the system.The repre-
sentation also needs to be speci¢ed through awareness of
the way in which it might be a¡ected by system-related
constraints (for example, characteristics of the hardware
platform).
Individual members of any business enterprise, in di¡er-
entpositions inavarietyofdepartments,mayput di¡erent
interpretations on the business context as well as on the
tasks that the system needs to accomplish. Each member
will tend to have a di¡erent understanding of the business
context. Reconciling these understanding into one state-
ment of requirements for design involves continuous
negotiation and interactive learning (Millar 1996), that
is, `discovery in the context of application' (Foray and
Gibbons 1996). Throughout this learning process, soft-
ware products evolve through negotiation about the
salient features of product and context. These mediate
the production, interchange, translation, and transforma-
tion of system-related knowledge during product design
(Millar et al.1996).
The strategic options for software market entry are di¡er-
ent in this `context-centred' view. Policy-making institu-
tions need to implement measures which give priority to
the development of a domestic market for software. The
domesticmarket can providework, services, and products
and make market entry easier. A strategy of entry into a
particular segment of the packaged software market may
be more successful than attempting to enter the market
for systems integration services. This is because systems
integration services require the accumulation of a vast
range of cross-sectoral business knowledge as well as
development practice (Quintas1996).
A domestic platform can support entry into the export
market. Export market success is more likely between
countries with signi¢cantly similar business contexts.
One way in which ¢rms in developing countries might
enter the export market is through establishing symbiotic
relationships with multinational ¢rms in the domestic
economy. For example, the Indian Kale Consultants joint
venture with Nixdorf Computers enabled them to export
their banking and hospital systems to other countries
such as Malaysia, where Nixdorf had an installed base
(Schware1987).
The implications of the`context-centred'viewfor capabil-
ity development are that a broader set of skills and experi-
ences than those gainedwithin the software development
waterfall model is required to increase the software devel-
opment capability of the domestic population. These
skills are likely to attract higher value work, but they also
require amixof information systemandbusiness-relevant
training and experience.
... for countries seeking to start up their own software develop-
ment activities, it is more advantageous to use professional
``generalists''rather than software specialists.Developing coun-
tries need a pool of talented and quali¢ed professionals who
combine some software experience with education and experi-
ence in computer science, engineering, mathematics, construc-
tion, manufacturing, utilities, ¢nance and education
(Schware1987:1254).
This might be achieved by encouraging the provision of
joint business and information systems courses at
degree/diplomalevel.Anotheroptionmaybe to encourage
business professionals in the domestic economy to
develop systems to support their own business practices
(as user-developers) through stimulating the di¡usion of
software development tools.
However,as the experienceoftheBraziliansoftware indus-
try has shown, where policies for entry into the domestic
software market have been pursued independently of
initiatives for export, capability development is only one
aspect of stimulating a domestic market for software
(Schware 1992). Other critical aspects involve the
removal of barriers to capability development. This
makes policy measures for capability development focus-
ing on domestic market entry costly in the short term,
but such policies are a route to long-term success.
7.6.2 Export market prospects
Three main strategies potentially enable developing
country ¢rms to trade in the world software market
(Correa1996) (seeTable 7.9).
] The export of software development workers (also
termed `body shopping') to perform short-term work
overseas at client premises (a predominant strategy in
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India and the Philippines).This strategy is low cost and
low risk. Workers gain valuable experience and know-
ledge of foreign markets and software process manage-
ment techniques. The work is mainly con¢ned to
routine and low value added tasks such as programming
and there is little exposure to the more creative activities
such as design.
] The export of software development services.This strat-
egy requires the development of local infrastructure
andthe provision ofsupport for business. It is potentially
more pro¢table than the ¢rst strategy and is capable of
fostering the development of project management
skills. Firms in Chile as well as the governments of
Taiwan (Pr. China) and Singapore have adopted this
strategy. The export of software development services
can be implemented through the development of custo-
mised software to client speci¢cations; entry into soft-
ware subcontracting (or `outsourcing') relationships
with client ¢rms; or joint venture agreements with
foreign companies.Of these, entry into the niche, custo-
mised software development market including systems
integration services is probably the most costly and
carries the highest risk. Outsourcing is generally
restricted to the basic programming of legacy systems,
for example, recoding required in order to ¢x the Y2K
(year 2000) problem (Kelly1996).
] The export of software products. Export demands
considerable capability in the domestic economy and
high levels of capital investment. This strategy carries
the greatest riskbut it has the greatest potential to gener-
ate pro¢t and learning. It may also facilitate the creation
and retention of value added in the exporting country
and provide entry into the more lucrative value added
services market (many Israeli and Chilean ¢rms are
pursuing this strategy).
The share ofworld software production and trade held by
developing countries is low and the main reasons are
summarised in Table 7.10. It is increasingly recognised
that export success inworldmarkets requires the develop-
ment of a strong domestic base as a platform for growth
(NASSCOM1996):
... countrieswithoutarelativelyactiveandup-to-datedomestic
market for software will ¢nd it increasingly di¤cult to develop
a software sector which involves absorbing new technologies
for software production, monitoring and analyzing trends in
the industry, and using software to solve domestic productivity
problems. The cost of developing such capabilities increases
rapidly over time, making ``catch up'' more di¤cult (Schware
1992:144).
The strength of this platform depends on the policies
adopted to foster software development competencies
within the domestic population.
The world market for software is large and expanding. In
1992 the value of world trade in software was US$ 184
billionwith annual growth rates averaging between15 per
cent and 20 per cent according to OECD estimates
(Schware 1992). The OECD also estimates that with the
inclusion of untraded (in-house) software development
this ¢gure would be closer to US$ 370 billion. Growth
areas include software packages and systems integration
services (OECD 1994a). One reason for this may be that
¢rms in industrialised countries wanting to avoid the risk
of dependence on in-house systems development sta¡,
are seeking customised solutions by integrating a range
of software packages in particular ways.
The software market is dominated by ¢rms in developed
countries where the high level of demand for software
outstrips the capability of software development profes-
sionals to supply it. This is partly because industrialised
countries have experienced severe shortages of software
professional skills in the employment pool. This has
in£ated the cost of labour, a dominant input to software
development practice.Together with the low productivity
of software professionals the high cost of labour has
imposed an equally high cost on the software solutions
being produced.
Entry into the software market represents a considerable
export opportunity for developing countries as long as
barriers to market entry remain low.
Since the traded software market is rapidly expanding, techno-
logyforsoftwaredevelopmentandproductionisnot proprietary
but legally accessible, software development is skill (labor)
Table 7.9 - Software export strategies
Export of work Export of services Export of products
Advantages: low entry barriers; low risk; sti-
mulate project management skills; knowledge
of foreign market; advantages dependent on
partner/client
Advantages: moderate value added; moderate
profitability; experience of project manage-
ment; advantages dependent on partner/client
Advantages: high value added; high potential
for profit; encourage the development of
technological capabilities; possible basis for
entry into value added services market
Disadvantages: low value added; experience
limited to programming; disadvantages de-
pendent on partner/client
Disadvantages: moderate entry costs; possibi-
lity of marketing costs; requires developed
infrastructure; disadvantages dependent on
partner/client
Disadvantages: requires high levels of capital,
managerial and marketing skills; high risk;
force of non-price competition
Source: Abstracted from Correa (1996).
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Table 7.11 - Software exports from selected countries and
territories
Country Year (US$m) Growth rate (%)
India 1990 120 34
Singapore 1990 89 43
Israel 1990 79 39
Philippines 1990 51 32
Mexico 1990 38 30
China 1990 18 43
Korea (Republic of ) 1990 15 40
Taiwan (Pr. China) 1987 11 48
Source: Based on Heeks (1996a).
intensive rather than capital intensiveand small size is a source
of dynamism, it is not surprising to¢nd the interestand expecta-
tions raisedinsomedevelopingcountriesbythepossible develop-
ment of a local software industry (Correa1996:173).
The growing burden of maintenance due to the long-
standing software crisis in developed economies, has
further stimulated the demand for software professional
skills (particularly those related to coding and testing).
This has created additional opportunities for developing
countries to exploit.
Thereareanumberofdevelopingcountries andterritories
with high growth rates for their software industries (see
Table 7.11). While India's software exports consist pre-
dominantly of software services, others concentrate on
the development of software packages and data entry
services (Ramesam1996).
Table 7.10 - Barriers to the development of IT/software capabilities in developing countries
Internal factors
Market size Small size of domestic market.
Structure of domestic demand Low levels of demand for technologically sophisticated products.
Weak incentives for technological upgrading. Under-investment in domestic market development.
Firm size Software firms are small and financially weak. Notable absence of medium-sized enterprises.
Capital markets and financial
institutions
Absence of venture capital. Inadequate lending for intangible investments.
Poor access to credit for SMEs.
Structure of education and
extension institutions
Weak links between R&D institutes and industry. University education relatively unresponsive to needs
of industry. Low standards of private training institutes. Poor quality of technology support institutions.
Technical and managerial
capabilities
Low information and computer literacy. Poor attitudes to information management.
Institutional rigidities and constraints to learning.
Supply of and access to
knowledge
Weak presence of ICTmultinationals. Poor access to world-wide technology networks.
Information asymmetry between local and multinational firms.Weak user-producer interactions.
Underdeveloped local consulting industry.
Relative weight of labour costs High labour costs for packaged software, due mainly to the costs of management, administration and marketing.
Quality standards Lack of experience with quality standards.
Tools, techniques and methods Limited diffusion of key software development tools, techniques and methods.
Infrastructure Lack of appropriate and reliable infrastructure.
Marketing requirements Marketing limitations constrain developing software for export.
Government policies Underdeveloped public sector capability as information collector and ICTuser. Restrictions on public
procurement and information sharing practices. Underdeveloped legal framework for information sharing and
intellectual property rights. Lack of partnership between government and business.
External factors
Mistrust The `not-invented-here syndrome'.
Identification of user needs Problems in establishing the needs of users in different geographical and cultural locations.
Maturity of software industry Limited - as indicated by developing country participation in the world supply of software packages.
Language barriers in non-
English-speaking countries
Difficult to produce good documentation.
Ability to enforce intellectual
property rights
Poor - leading to lack of protection.
Marketing costs High cost of launching a new product in a foreign market. Reluctance of foreign dealers and distributors to
commercialise software from small developing country firms.
Source: Abstracted and adapted from Correa (1996); and Hanna et al. (1995).
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7.6.3 India's position in the global market
India'sgeographyplaces it in timezones almostopposite to
most of the western industrialised world so that Indian
¢rms can provide `around the clock' services via
communication links. The Indian computer industry
doubled its revenues in the ¢ve year period 1990 to 1995
(seeTable 7.12).
Although its increased share in theUnitedStates software
market is impressive (doubling from 0.82 per cent in
1990/1991 to 1.7 per cent in 1994/5) as shown in Table
7.13, the United States was India's major export partner
in this period. In addition, the total market share of 1.7
per cent in the United States software market in 1994/95
was an even smaller proportion of the global market.
Table 7.12 - Growth of computer industry in India, 1990 -1995
(US$ million)
1990 -91 1991-92 1992-93 1993-94 1994 -95
Hardware
Domestic 436 423 370 490 590
Exports 105 111 52 93 177
Total 541 534 422 583 767
Software
Domestic 115 140 163 230 350
Exports 128 164 225 330 485
Total 243 304 388 560 835
Maintenance 93 99 90 117 142
Others 210 228 207 233 297
Grand Total 1,087 1,165 1,107 1,493 2,041
Source: NASSCOM (1996).
Table 7.13 - Growth in the Indian share of US software
market
Year US software
market
(US$million)
Indian exports
to US market
(US$million)
Indian share
of USmarket
(%)
1990/91 9,250 76.3 0.82
1991/92 10,400 101.2 0.97
1992/93 11,960 126.6 1.06
1993/94 13,630 180.8 1.33
1994/95 16,080 274.1 1.70
Source: Based on Heeks (1996a).
In theIndiancontextthere aremanyinstitutionsproviding
computer education at the degree/diploma level of which
there are about 150 universities and regional engineering
colleges. The output of trained manpower at degree/
diploma level has increased from less than 1,000 in 1983
to about 55,000 in 1995. The Government of India has
introduced new courses including a Diploma in
Computer Application, Masters in Computer Appli-
cation, and a Diploma in Computer Engineering. These
courses have been very useful in adding technical person-
nel to theIndiansoftware industry(NASSCOM1996:54).
This focus on training has implications for the strategies
that India has used to enter the software market. The
Indian government has adopted short-term, export-led
industrial policies in order to obtain foreign exchange.
Indian software suppliers have needed to satisfy clients in
other (usuallydeveloped) countries.Most Indian software
¢rms have been unable to penetrate the software product
export market and have been forced to export the
software-related capabilities of the domestic population
(mainly computer programming skills). The market for
software professional skills is complex. Skills involved in
performing tasks at the`lower end'of the softwarewaterfall
model have lower value than the skills required to under-
take activities at the `higher end', such as requirements
analysis and design. Entry into the systems integration
market requires a broader base of general professional
skills in addition to those that have been developed in
India through its training programmes (Schware1992).
While India's own software industry has £ourished by
drawing on the largest English speaking pool of scientists
outside the United States (MSF/ITPA 1996), multi-
national corporations, predominantly from the United
States, and someEuropean countries, aremaking increas-
ing use of this comparatively cheap, trained labour force
for o¡shore project development of their own operations
(the comparative salaries of programmers are shown in
Table 7.14).
The relatively low cost of the software capability base in
India has proved to be well suited to `body shopping' and
the majority of Indian activity in the software export
market is achieved through the provision of low value,
short-term, o¡-shore computer programming services
(Schware 1992). Increasingly, and on the basis of the
market knowledge gained through such arrangements,
10
Indian ¢rms have participated in the export of services
from India's own shores. Indian ¢rms have established
outsourcing arrangements with organisations in indus-
trialised countries and the National Association of
Software and Service Companies (NASSCOM) believes
that this movement away from body shopping is positive.
However, the distancing of relationships with organisa-
tions in developed countries and the removal of opportu-
nities for learning about the operation of markets and
businesses in the industrialised country context, could
have less positive, longer-term rami¢cations.The factors
a¡ecting India's software exports are the relatively low-
skilled IT professionals, mostly on-site work, mainly
programming, and predominantly American collabor-
ation, usually with a single collaborator (Ramesam1996).
Indian software experience is mainly restricted to coding.
Competition is generally based on price and is vulnerable
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Table 7.14 - Annual salaries of computer programmers, 1994
US$
India 3,957
Mexico 26,528
United Kingdom 31,247
HongKong 34,615
France 45,521
United States 46,600
Japan 51,730
Germany (western) 54,075
Source: d'Orville (1996) citing data fromDer Spiegel.
Table 7.15 - Office rents in prime business areas
City Rent as% of total cost
Mumbai 92
Tokyo 84
HongKong 88
Moscow 88
London 70
Delhi 89
Singapore 78
Beijing 94
Shanghai 78
Paris 82
Hanoi 91
NewYork City 65
Frankfurt 86
Taipei 87
Buenos Aires 77
Sao Paulo 81
Mexico City 68
Prague 91
HoChiMinh City 88
Manila 80
Budapest 90
Kuala Lumpur 75
Istanbul 74
Bangkok 83
Jakarta 65
Source: Based on Ramesam (1996) citing data fromThe Economist.
to £uctuations in the perceived relative cost and value of
alternatives (such as the use of software development
tools, contractors, permanent sta¡ and so on). For
example, the recent 25 per cent per annum increases in
the wage levels of Indian programmers, fuelled by high
levels of demand in developed countries for time-critical
Y2K (year 2000) date changes to existing program code,
have generated anxiety about the long-term validity of
price based competition (Kelly1997).
Entry into higher value markets has been precluded for
three main reasons: ¢rst, lack of maturity and absence of
broad software development experience although this is
being counteracted by the quality focus of Indian compa-
nies (by1996, 55 Indian ¢rms had ISO9001quality assur-
ance accreditation) (Kelly 1996); second, unreliability of
the ICT infrastructure; and third, lack of trust arising
fromcultural conventions ofpoliteness (suchas reluctance
to impart bad news) and asymmetric interpretations of
con¢dentiality which create problems (Kelly 1996). The
extension of training programmes to remove these skill
limitations (in requirements analysis and design, for
instance) to enter higher value markets is a continuation
of the predominant technical perspective. Indian ¢rms
seeking to export such skills (especially through outsour-
cing) are likely to have limited success due to the social
and context dependent nature of requirements analysis
and design tasks (Millar1996).
Constraints imposed by a poor telecommunication infra-
structure not only limit the export of Indian software over
satellite (64kbps) or other communication networks, but
also have a negative e¡ect on foreign investment (Tassell
1997). Another limiting factor is the increasing o¤ce
rents in India as compared to other locations which
erodes the cost advantages to foreign inward investors
(seeTable 7.15).
7.6.4 Software capabilities in China
The commercial software industry in China emerged
when institutional restructuring in the early 1980s
enabled its evolution from laboratory research. Until this
time, software was embedded in computer hardware and
it was not marketable as a separate product. There were
few `software' companies as such. Progress was made in
1988 under the national reform policy `Torch Pro-
gramme' which aimed to promote a wide range of new
technology business organisations spinning o¡ from
R&D institutes.This gave a major a boost to the develop-
ment of the software industry as shown inTable 7.16.
The development of packaged software has concentrated
largely on the localisation of computer languages by re-
engineering English languages into Chinese characters.
Research on the Chinese software industry indicates that
those Chinese software companies who have managed to
establish themselves internationally depend on being
able to tap all possible sources of technological expertise
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and fostering specialised competencies to develop comp-
lementary innovations compatible with existing systems
(Gu and Steinmueller 1998 forthcoming). The software
design and development capabilities acquired through
the development of sub-systems and components which
enhance existing systems ensure the companies' domestic
and international competitiveness, although not at levels
comparable to India. Along with rising standards of
living and family investment in PCs, domestic demand
for software has been increasing.
Harnessingthese resources,has resultedin internationally
competitive products.The progress of the software indus-
try also has been assisted by legal and regulatory adjust-
ments, the establishment of standards institutions, and
software engineering centres. The `Three Gold Project'
launched by the Chinese government in 1993, included
several priority projects in information technology and
this has enhanced the opportunities for the software
industry. However, national programmes provide
funding for R&D activities to higher education and
research institutes. They do not support enterprises
directly and many of these ¢rms are primarily involved in
marketing and spreading innovative software solutions.
This situation is encouraged by unfavourable taxation of
software development activities (Haiyan 1998
forthcoming).
7.6.5 Myths about software development in
developing countries
Developing countries became consumers of software in
the 1950s and 1960s and some began producing software
at this time. Since then, several myths about software
development have become part of industry folklore in
developing countries with both positive and negative
implications for the future growth of production and the
future entry possibilities for ¢rms in countries that are
beginning to consider a software development strategy
(see Boxes 7.3 and 7.4).
Governments, ¢rms, and public sector institutions in
developing countries need to overcome vast hurdles if
they are successfully to enter the market for software.The
strategic options for market entry which follow from
adopting the linear `machine-centred' view on capability
building are limited.They reproduce weak structures and
vulnerability in the domestic economy.Awider set of stra-
tegic options for market entry follows from the `context-
centred'viewof software.Thepolicies forcapability devel-
opment associated with this view are one component of
the range of the long-termmeasures required to capitalise
on the potential for domestic and export software market
entry.
7.7 Information content and the national
information infrastructure
The global reach of ICTs through broadcasting, telecom-
munication, and radio networks in combinationwith new
cable and satellite communication, raises concerns about
the sociocultural implications of ICTs. Much of the
content ofaudiovisual and information services originates
froma fewsources, giving rise to limitedcultural diversity.
The economic bene¢ts of becoming part of the global
information infrastructure can appear to clash with poli-
cies designed to protect local sociocultural and religious
values. Traditional broadcasting and local programming
are among themeans of countering cultural and linguistic
dominance with local and national cultural values but
these avenues are not open to all countries because of the
cost involved. Most countries in the developing world
have to make choices about the technologies appropriate
for delivering information services and audiovisual
content. They also need to consider how to involve as
diverse a range of content producers as possible so as to
include the cultural interests of di¡erent races, and
genders, and those with disabilities (Matsepe-Casaburri
1996).
Access to information by the majority through the choice of
appropriate technology and applications and combinations of
old and new in the process as well as access to quality program-
ming in indigenous languages is, however, crucial to bringing
people into the information society. For developing countries
knowledge and understanding of their past, understanding
Table 7.16 - Selected software enterprises in Shanghai
Name Category No. of workers Sales Exports
Qingming Software Ltd Sino-Japanese joint
venture
over110 US$ 1.6 million US$ 1million
Huatend Software Systems Ltd Sino-American joint
venture
over140 US$ 11million US$ 700,000
Huatend Software Development Ltd Sino-Japanese joint
venture
45 US$ 840,000 US$ 40,000
Yingyeda Electronics Ltd Solely foreign-owned
enterprise
over 900 US$ 5.3million US$ 5million
Note: Sales for Qingming Software Ltd, Huatend Software Development Ltd, and Yingyeda Electronics Ltd have been converted fromYuan RMB to US$ at the period average
for 1st quarter 1996 as reported in IMF (1997).
Source: Haiyan (1998 forthcoming) citing data fromChina Infoworld, 23 January.
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their present and participating in their future, will then become
more probable and possible (Matsepe-Casaburri1996:10).
During the 1970s as the audiovisual content produced in
thewestern industrialised countries began to be exported
in increasing quantities concerns were voiced about
cultural impacts. Some argued that these media imports
would soon destroy indigenous cultures leading to new
forms of `media' imperialism. Others took the view that
market forceswereworkingto ensure that the global struc-
ture of demand for the media products (¢lms, books,
broadcast and radio programming) would re£ect the
cultural and economic preferences of viewers and readers
and that there was no cause for concern.
This debate has continued and in the1990s there is a need
for newassessments.
12
In some countries in the develop-
ing world, the terms of access to new ICTs are changing
in ways that enable local content production re£ecting
diverse cultural values, and some countries are exporting
their products. Others are viewing awide mix of local and
foreign products and reading a vast range of text-based
products that are located on the Internet. Technical,
economic, and social conditions are changing rapidly and
these are giving rise to key di¡erences between debates
about `globalisation' or `transnationalisation' and the
media in the1990s as compared to the models of `media/
cultural imperialism'which characterised the1970s.
The G7 conference on the Information Society in
February 1995 commented on the importance of culture
and ICTs as follows:
Allparticipants supported the principle of encouragingcultural
and linguistic diversity. In international terms, the recognition
and protection of cultural di¡erences is an expression of good
will. It is not about creating barriers; it is about tolerance
(Bourdeau et al. 1996:19).
In a 1995 World Bank report it was recognised that the
cultural implications of the di¡usion of content (broad-
casting, educational products, on-line services) in the
developing world could be signi¢cant and bring positive,
as well as negative, consequences.
Culture can be preserved; it can also be destroyed. Intellectual
and artistic products of national cultures can be preserved and
disseminated with information technology. But creative
cultures and societies can also be overwhelmed by the in£ux of
1.`It is computers that matter, not software'
National policy and the investment strategies of both multi-
nationals and aid donors have been overly-oriented to the
hardware of information and communication. Yet software is
known to be the key to successful, localised information
systems. Software services provide developing countries with
a good entry point into the ICT production complex. They
provide wider externalities and much lower entry barriers
than hardware, being less capital-intensive, and more labour-
intensive, with a lower rate of obsolescence, and far fewer scale
economies.
2.`Developing countries cannot write software'
In1995/96, someUS$2billion-worth of softwarewas exported
from developing countries, mainly to western markets. Such
¢gures create their own myths but software development is
nevertheless pervasive, from the one-person enterprise creat-
ing customised databases to Asia's `software factories' winning
multi-million dollar contracts. Software development work is
often hidden because it is undertaken in-house, but it is
clearlynolonger thepreserveof just afewdeveloping countries,
let alone of just the western nations.
3.`Piracy is ruining software production in developing countries'
Piracy accounts for 50 per cent to 90 per cent of software
consumption in developing country markets, yet this has not
crushed local software production. Quite the reverse. Piracy
has expanded the local market by speeding the di¡usion of
information technologyandofsoftwareskills.Aspiracy di¡uses
standard imported packages, many local software ¢rms have
developed capabilities by producing localised versions
through `reverse functional engineering' (Heeks1996a).
Piracy has stimulated innovation and has also helped
the di¡usion of software production tools.
4.`Jobs are being lost in the industrialised countries'
The globalisation of software production has included
outsourcing work to developing countries that was once
done in the industrialised countries. However, demand
for software labour exceeds supply in the industrialised
countries and will continue to do so for the foreseeable
future. Many projects which are too small, risky,
strategic, complex or high-tech are not outsourced.
Therefore, although developing countries may eat into
the industrialised countries' demand-supply gap, they
willnoteliminate it.Inaddition, industrialised countries
retain the most highly-skilled tasks of analysis and
design, thus creating an international skill division of
labour.
5.`New technologywillwipeout developingcountry software
exports'
In theory, automation threatens software development
jobs and developing countries' low labour cost advan-
tages. In practice, the threat is far o¡. New technologies
- both product and process - have created new skill
requirements and new markets that developing coun-
tries are seeking to ¢ll.The spread of open systems has
reduced entry barriers for developing countries.
Techniques such as program modularity and formal
methods have increased, not reduced, the opportunities
for software outsourcing.
Box 7.3 -The negative myths about software development
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outside information, and sinister uses of information techno-
logy, notably computerised weaponry, certainly exist (Talero
andGaudette1995: 8).
On the one hand, the press tends to see the new ICTs
including the traditional broadcast media as well as the
Internet, as providing a new milieu in which `musicians
and artists are rede¢ning their work by embracing the
computer - and shaking up the world of culture'
(Bellafante 1995: 14). On the other, the spectre of the
consequences of the pervasive spread of media content
and other services which increase the predominance of
the English language is raised (Mulligan1997).
7.7.1 The cultural industries debate
There is averywide spectrumofapproaches to this debate.
Globalisation tendencies are being addressed within the
disciplines of political science, economics, and media
and cultural studies, with the media frequently being
recognised as the key global infrastructure that underpins
and facilitates other dynamics of globalisation. Scholars
describe this process in various ways. For example,
AnthonyGiddens identi¢es¢ve sub-structures of globali-
sation which he sees as the necessary outcome of moder-
nity (Giddens 1991). The anthropologist Arjun
Appadurai discusses ¢ve `scapes' of global interaction,
1.`Developing countries are earning billions from
software exports'
The headline ¢gures on software are deceptive. India, for
example, may claim US$ 750 million worth of exports in
1995/96 but this is a gross ¢gure (Dataquest 1996). The
majority of this money subsequently leaves the country to
pay for: the travel and living allowances of the large
number of Indian software workers who undertake their
development work in the client's country, not in India;
marketing expenses; imports of hardware and telecommu-
nications equipment used for in-India contract compo-
nents; and repatriation of pro¢ts by the many
multinational subsidiaries involved in this trade. Net
export earnings for1995/96 were closer toUS$ 250million
and are unlikely to have compensated for India's software
import bill.
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2.`Developing countries are cheap locations for
software development'
Ofcourse, low labour costs have been at the heart of interest
in developing countries as software development sites.The
salary of a programmer in country X being one-tenth that
of a programmer in America is often quoted. However,
such ¢gures ignore well-above-average pay for good
developers, a large range of non-salary labour costs, and
the fact that labour costs are typically only a minor part of
total software production costs. Factors such as skills
availability, productivity, trust, labour £exibility, and access
to local markets also underlie outsourcing decisions.
3.`Telecommunication links are transforming the
software export trade'
Over the past ¢ve years, most developing country software
exporters have invested in a telecommunication link. The
image has been promoted of virtual development - clients
sitting in the industrialised countries interacting with
developers overseas, or even split-site development teams.
The reality is more mundane. Fax and e-mail correspon-
dence remain the backbone of communication. The vast
majority of contracts still involve extensive periods during
which the developers work at the client's site or, more
rarely, the client visits the developers.Telecommunication
technology is slowlymodifyingthis tradebuthasyet to revo-
lutionise it.
4.`This is amarket-driven phenomenon'
The Department of Defense was a key motivator of the
creation of the United States software industry, and all
subsequent development in other countries has been state-
initiated, state-led or state-promoted. From South Africa
to Egypt to India to Singapore the story is the same -
`Cherchez l'e
¨
tat' - in the spheres of¢nancingandmarketing,
in skills and infrastructure development, in procurement,
and in the di¡usion of best practice (Heeks 1996b).
Selective policy liberalisation - such as removal of software
import tari¡s - may have a role. However, the elimination
of all state interventions and the free play of market forces
will leadonlytothe atrophyoflocal software-related techno-
logical capabilities.
5.`Software exports drive domestic improvements'
Export production - mainly based on services, not packages
- is a virtual enclave. Any transfer of skills has been one-
way: from domestic to export production. Export pressures
have thus diverted resources away from domestic-oriented
production and have led these resources to create software
that bene¢ts companies based in the industrialised coun-
tries rather than addressing local needs. Far from assisting,
exports are reinforcing weaknesses in the domestic market.
6.`India is exporting - so canwe'
India's apparent success in software exports has encouraged
many developing countries to na|
«
vely believe that they can
follow the same path.But theycannot.Added to its inherent
linguistic and size advantages, India has spent more than
two decades developing the requisite skills, contacts, poli-
cies, and infrastructure that are so lacking in many other
countries.Asaresult, itmaycontinuetoconsolidate itsposi-
tion while squeezing out latecomers. New entrants should
therefore eschew the competition and fake glister of
exports for the solid e¡ectiveness of domestic software
applications.
Box 7.4 -The positive myths about software development
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reminding us of the shifting `ethnoscape'of mobile popu-
lations, and the `disjunctures' between the various scapes
(Appadurai 1990). In his recent work this is summed up
as `the joint force of electronicmediation andmass migra-
tion is explicitly transnational even post-national'
(Appadurai1996b: 9).
These dynamics pose real and conceptual challenges to
nation/state centred models, from `above' in the emer-
gence of supranational organisations, international law
and regulation, etc., and from`below' in the emergence of
new/old ethnicities, newsocialmovements, sub-cultures,
etc.Thesigni¢canceof recognisingthe increasinglymulti-
cultural nature ofmost states is that it profoundly destabi-
lises easy attempts to construct a singular national
culture/identity. It renders thepossibilityofnationalhege-
mony over cultural minorities more di¤cult than
previously recognised in international debates.
In themedia, there is increasing evidence of technological
convergence and overlap in the roles of telecommunica-
tion providers, broadcasters, news providers, etc. In
broadcasting, there is evidence of increasing conglomera-
tion and ever larger units of supply, especially as those
¢rms with distribution capacity buy up content suppliers
(¢lm libraries, old television programming). But there is
also the emergence of new media industries outside the
historic western industrial centres of cultural production.
Examples include telenovellas from Brazil and Mexico;
Islamic soap operas from Egypt and Turkey; ¢lms from
India,China,Iran(IslamicRepublic0f ),Senegal; cartoons
and serials from Japan; international news from Dubai
and from the Saudi-¢nanced MEBC based in London
(Sreberny-Mohammadi 1995). This material not only
circulates internally, within the national production
contexts where it often garners bigger and more satis¢ed
audiences than imported programming (Sepstrup and
Goonasekera 1994), it also circulates globally, ¢nding
unanticipated cross-cultural viewerships (for example,
the popularity of the Japanese serial `Oshin' in Iran
(Islamic Republic of )).
Ofgrowing importancearegeo-linguisticcultural regions.
Access to the global English-language market has long
been recognised as a key factor in the comparative advan-
tages of United States audiovisual production. In 1996-
97, the growth of Arab-language and Chinese-language
media production, among others, is being recognised as
evidence of the growing importance of regional media/
culture markets (Sinclair et al. 1996). While all non-
western international television exchange perhaps does
not yet rival American television exports in viewing hours
and revenue, the growth of other media producers is
further evidence that many of our conceptual models
may have been framed in the very short term. Until
recently, the structure and organisation of the media
industries have not readily allowed for the development
of television (and other cultural) industries beyond the
United States or western industrialised countries.
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It is
important to remember that television as an industry
(whether commercial or public service) is a post-World
WarIIdevelopment,notyet ¢ftyyears old andundergoing
substantial technological change.
There are many contradictory tendencies in the local,
regional,andglobalaudiovisualmarkets.There is continu-
ing evidence of media globalisation, for example, in large-
scale media production and distribution by horizontally
and vertically integrated electronic empires.There is the
spread ofwestern material and mediated culture.There is
the homogenisation argument, for instance, the ubiquity
of The Bold and the Beautiful, McDonalds, Benetton and
blue jeans, Qeche Indians in Guatemala listening to the
Beatles; versions of Rambo across South East Asia, etc.
There are concerns about commercialisation and cultural
degradation that are still powerfully voiced by nations
who are trying to defend a national space. There is the
traditionalist `defence' of cultural values against western
cultural encroachment in the religion-based policies of
the Islamic Republic; there have been attempts to limit
audience access by controlling the use of satellite earth
stations in China, Saudi Arabia, and Malaysia, for
example. However, such controls are often relaxed after a
period of time as in the case of Malaysia. Women voice
concern about the `objecti¢cation' of women in western
programming; and indigenous peoples are concerned
about the erosion of their cultural values and ways of life.
Such concerns are powerfully collected together in the
People's Communication Charter, now signed by a wide
variety of concernedgroupsworld-wide (Hamelink1994).
Not only has the direct, unmediated and overly-national
frame of older models (that `American' or `western'
products impact on national `southern' audiences) been
heavily criticised, not least by Latin American writers
likeMartin-Barbero andCanclini, but the media produc-
tion environment is also changing.
There is growing evidence of heterogeneity and media
localisation. In media terms, the latter includes the use of
alternative media in development processes, for example,
Tanzanian women's radio clubs (Lewis 1993); a huge
variety of alternative women-made media (Sreberny-
Mohammadi 1995); women's global networking
(Frankson 1996; Gittler 1996); hybridisation of popular
music andgrowthof `worldmusic'; `small'media in politi-
cal transition, for example, in Iran (Islamic Republic of)
(Sreberny-Mohammadi 1994), South Africa, the
Philippines, and Poland. Some of these processes rein-
force the importance of media as an essential element of
civil society, and the importance of considering the politi-
cal e¡ects as well as the economic impacts of media.
Issues of `cultural power' remain as groups and new social
movements take action to acquire the capacity to represent
themselves.The global cultural environment is becoming
symbolically enriched even if these groups are not fully
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empoweredinawaythat leadstodirectpractical outcomes.
This may also signal a shift away from a model of culture
as a bounded or closed space, as in the notion of `national'
cultures, toward a notion of culture as action. It has been
suggested that collective identities are action-based and
that one action (or culture) does not pre-empt or cancel
out another. Individuals and groups can be part of many
di¡erent forms of action or culture.
The debates about the cultural impact of the new media
create problems for analysis. Much research has centred
on the national level: that is, on national broadcasters,
national cultural products, national audiences, and
national policy-making. But in multicultural societies,
the singularityof suchnotions is under reviewand consid-
erable research from around the world has suggested that
nationalpolicy-making ispatriarchal inrelation towomen.
Access to media and ICTs is a key issue, and the fact that
there are inequalities ofaccessdoesnotprovide a su¤cient
argument for non-adoption in a bid to protect `national'
cultures. Inequality of access to media has gone on for
over ¢ve hundred years if one thinks in terms of illiteracy
in relation to print media (or chirography) and most new
technologies have spawned new elites. Cultural creativity
is not limited to the western industrialised countries and
there are compellingarguments thatdeveloping countries
should not be left behind in the ICT ¢eld.They are likely
to ¢nd innovative and adaptive ways of re-working and
eventually di¡using media and ICTs in ways that become
`localised' (Sreberny-Mohammadi1996).
There is also a continuingdebate aboutthe implications of
English language dominance being increased by the
wider di¡usion and use of ICTs. Evidence seems to
con¢rm such dominance. English-speakingWeb sites are
estimated to be 85 per cent of the current total whereas
Francophone sites constitute only 2 per cent andGerman
sites,due to thehighnumberofEnglishWebsites originat-
ing in Germany, amount to an even smaller percentage
(Mulligan 1997). Apart from the content of the World
W|deWeb, a ranking of the world's 50 largest enterprises
in global information services, consisting of press,
publishing, television, radio and cinema, positioned
according to their total media involvement portrays a
similar picture; 35 of these enterprises are based in
English speaking nations 25 of which are United States-
based, and six are in the United Kingdom (Matsepe-
Casaburri1996).There are also concerns about localvaria-
tions of English which may come to dominate the
content of theWorld W|deWeb and other global inform-
ation services as these economies increase in importance.
Rapid progress in computer translation is continuing and
new computer codes, for example enabling accents on
letters, allow the display of any language regardless of its
alphabet, including Russian, Korean, and Japanese.
These developments may begin to alleviate concerns
about English language dominance. Demand for transla-
tion software is increasing and automated translations are
already available on the Web. These applications are
reasonably pro¢cient at converting Web sites from one
language to another although they are not particularly
good at translating prose. The debate about English
language dominancewhich is accompanying globalisation
processes must also take into account the e¡ects of locali-
sation. This involves the emergence of `netizens' who
form common language communities. In this case,
language constitutes a means of limiting access to
information, potentially excluding the non-speakers of
the language being used.
Culturalhistories in£uencepeople's attitudes towardICTs
in many ways and they have a major implication for the
willingness of citizens, consumers, and working people
to integrate them into their everyday lives (Mansell and
Silverstone 1996). The social process of acceptance (or
resistance) to innovations in ICTs and services is closely
related tovariedunderstandings of the role of information
and knowledge in society and the way that they are best
communicated.Culturematters considerablyin the di¡er-
ent e¡ects of the introduction of the same technology
within di¡erent cultural traditions.
There is empirical evidence for some of these di¡erences.
For example, an international comparative study exam-
ined the sophistication of statistics about the press in
di¡erent countries as an indicator of the transparency of
national media policies in the early 1990s (Maier-Rabler
and Sutterluetti1992). In Austria,Germany, Switzerland,
Norway, Sweden, Finland, the United States, and
Canada, there were positive associations between high
quality press statistics and countries with a positive atti-
tude towards economic success and extensive civil rights
including freedom of speech and access to information
for all. The Scandinavian countries (especially Sweden),
Canada, and the United States had the most detailed and
transparent press statistics.These countries all share the
view that information transparency is good.Firms under-
stand that communication of success in business is part
of their economic activities. National administrations
understand that an active information policy is a tool
with which to justify their actions to their citizens. In
these countries, information is good in most cases and
more information is better because people need inform-
ation to make informed decisions. In other countries the
basic assumption that information is good and that all
people should have access to public information is not as
widely shared.
Another factor which may play an important role in citi-
zens' perceptions of the importance and bene¢ts of the
`knowledge society' is linked to language and culture. For
example, how is the concept of theGII translated in di¡er-
ent countries? In the United States the notion of an NII
is closely related to issues such as `making a better world
through communication' or `connecting all people'. In
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the German language, however, the vocabulary takes on
slightly di¡erent meanings. For example, the term `data
highway' is translated into `Datenhighway' or
`Datenautobahn'.The Germanword `Daten' is associated
with numeric information, numbers and ¢gures. `Daten'
are cold, impersonal information.`Daten'areusedby orga-
nisations and `Daten' are associated with privacy, that is
`Datenschutz' for privacy protection. `Highways' and the
`Autobahn' symbolise progress and growth and have
come to be associated with the strong environmental
movement. The term information infrastructure -
`Informationsinfrastruktur' - does not suggest individual
concern; it is associated with computers and business
needs. In private and everyday communication one does
not exchange information, one talks or chats and
exchanges knowledge. In general, the behaviour of indivi-
dual users of networked services must be expected to vary
substantially in relation to their speci¢c linguistic,
information, and cultural background.
In some countries the idea of theNII iswrapped in social,
educational, and cultural bene¢ts. People form the idea
that they should be concerned about the introduction of
ICTs into their society.They form ideas about individual
advantages like access to information, tele-education,
some kinds of telecommuting and telework, and of indivi-
dual disadvantages like isolation, under-quali¢cation,
displacement, o¡shore-production, etc. For example,
di¡erences in cultural traditions provide insights into the
di¡usion and adoption of ICTs within western Europe
and the economies in transition in eastern Europe.
A `protestant-enlightened information culture' is predo-
minant in theUnitedStateswith its fundamental assump-
tion of `transparency through information', its high
valuation of economic success and its tendency to value
the communication of success (Maier-Rabler 1997).
Active communication between businesses and the
public and/or consumers stimulates competition and is a
basic instrument of economic action. There is broad
support by the public for political arguments which see
the NII as a precondition for international competitive-
ness.
A`socialdemocratic-liberal information culture'generally
assumes that each citizen is entitled to obtain information
from his or her local authority and state, in the broadest
sense. Government information policies are justi¢ed not
in response to explicit demand but by the perception that
enhancing knowledge about civil society is bene¢cial to
individuals. Particularly characteristic of the
Scandinavian countries is that the value of information
derives from the striving for political emancipation of the
individual. The constitutional right to information is
perceived as a precondition for political order and the
constitutional embodiment of the right to information is
very sophisticated in these countries.
This perceptionhada strong in£uence on the formulation
of the American constitution, and especially on the First
Amendment (Godwin 1994). Liberalism in the United
States represents a hybrid of two cultural traditions.The
private sector is familiar with concepts of `universal
service' and `open access' for all citizens and policy-
making seeks a partnership between government and the
private sector to enhance the public good.A characteristic
of these cultural traditions is active information-seeking
behaviour. People develop the capacity to demand
information. A high priority is given to curiosity and the
ability to formulate good questions. It may be that
question-based cultures have advantages in the use of the
new ICTs. The attitude to the Internet, for example, is
facilitated by a question-based approach rather than an
answer-based approach. W|thout precise questions one
cannot ¢nd answers in the maze of information available
as a result of access to the global information infrastruc-
ture.
Thehistoryofcultural traditions in the economies in tran-
sition seems to engender the perception that people
shouldexpectanswersfromtheInternetwithoutformulat-
ing questions. In answer-based schools, the advantages of
theInternet as an information toolfor the education curri-
culum is fully appreciated by many people.This percep-
tion characterises a `catholic-feudal information culture'
where information is hierarchically available; it is passed
onbythe information`rich'andthere is little or no consen-
sus upon an individual's right to information.
Information is exchanged between citizens and indivi-
duals via informal paths and the knowledge about these
paths and the degree of access to them a¡ects the indivi-
dual's position in the hierarchical system.The individuals
are not really trained to seek out information and there is
little expressed demand for certain kinds of information.
Finally, in Europe there is a `centralist-socialist inform-
ation culture' which requires a permanent and systematic
exchange of information via forms, statistics, and reports
which are the instruments of decision-makers. This
cultural tradition also involves an information hierarchy,
but it is based on rank or position rather than on the
strength of the informal paths of communication. People
in the former Communist states have been trained to
produce precise information and to pass it to central
organisations.
Today, these countries have a strong commitment to
market-oriented principles. Their training to manage
information exchange and to develop skills to communi-
cate gives them advantages for the introduction of ICTs.
Completely new digital telecommunication infrastruc-
tures in parts of the Czech Republic, eastern Germany,
and Hungary, combined with a `protestant-enlightened
information culture' help to foster a positive attitude
toward the use of ICTs.
These informationculturesdonotoccur inapureformbut
the particularmixofcultures present indi¡erent societies
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is an important factor in whether there is likely to be a
strong demand for access to information via advanced
ICTs.The cultural development of `knowledge societies'
is often discussed as if `culture' is a static phenomenon,
but cultural integrity is in fact `continuously evolving'
(Wang 1996a: 14). In some developing countries a
completely open approach to the import of audiovisual
products and information services will be favoured. In
others, varying degrees of closure or control will be main-
tained in order to support indigenous anddiverse cultures
and social values.
7.7.2 The empirical evidence on cultural
impacts
National governments and private companies are invest-
ing large amounts of money in extending and upgrading
broadcasting facilities to capture larger segments of the
viewing population. Local programme production capa-
cities cannot keep pace with the expansion of television
time, resulting in the import of even more foreign
programme material, usually from the industrialised
countries, andparticularly theUnited States. In addition,
satellite-based national and regional television transmis-
sions are becomingmore numerous. Spill-over television
programmes or regional and international satellite-based
reception are becoming increasingly important and
worrying for national and local authorities.
Analysis of the international £ow of television program-
mingneedstotake thesedevelopments into consideration.
Research methods and instruments are needed that are
capable of capturing the rapidly changing audiovisual
scene. The international £ow of television programmes
has been the subject of studies by UNESCO, including
`Television Tra¤c - A One-Way Street?' in 1974
(Nordenstreng and Varis 1974), its sequel `International
Flow of Television Programmes' in 1985 (Varis 1985), and
`Import/Export: International Flow of Television
Fiction' in 1990 (Larsen 1990). A summary of research
on international information £ows appeared in
`International Flow of Information: a Global Report and
Analysis' in 1985 (Mowlana 1985). In 1994 `TV
Transnationalisation: Europe and Asia' was published,
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presenting two studies of international £ows of television
programmes in terms of their supply and consumption in
¢ve European and four Asia Paci¢c countries, Australia,
India, the Philippines, and the Republic ofKorea.
Empirical research on communication £ows has concen-
tratedmainlyon the supplyofnationaltelevisionprogram-
ming. The proportion of imported output on national
channels was analysed as were the countries from which
it came. The assumption of most studies was that they
have cultural and economic e¡ects in speci¢c countries
or among speci¢c groups of viewers.Together with more
general `media imperialism' or `dependency theories'
(Boyd-Barrett1977, 1982), this assumptionwas the domi-
nant `theory' informingthe collectionofmostdata on tele-
vision £ows.
`Media Imperialism' theories suggested that a few coun-
tries, and particularly the United States, dominate the
content of international media to such an extent that they
impose their culture, values, and ideologies on the recipi-
ent nations. In the early studies of the international £ow
of television programmes attention did not focus on the
consumption of imported programmes or on the e¡ects
of this consumption. It was assumed that if there was
supply, therewouldbe consumptionwith,generally, nega-
tive e¡ects as a result of the adoption of foreign values
and life-styles.
Box 7.5 -Televi sion supply in the Asia Pacific region
India: More than 95 per cent of programmes were produced
within the country with very little input from foreign
sources. A high proportion of education programmes was
broadcast (about 150 minutes every day).This accounted for
12 per cent of total supply time, but only 4 per cent of total
consumption.
The Philippines: Two-thirds of the programmes broadcast
were of national origin. During prime time, the proportion
of foreign programmes increased to 47 per cent of total
supply and most of these were programme series. The
national origin programmes fell mostly within the variety/
shows/humour/satire categories which accounted for 16 per
cent of total broadcasting time. The largest categories of
foreign programmes were series and cartoons, comprising
14per cent and13per cent, respectively, of total broadcasting
hours.TheUnited States dominated the share of the foreign
programming supply in almost every category. The United
States alone supplied 92 per cent of total foreign programme
broadcasting time to the Philippines. It was estimated that
94 per cent of movies shown on television in the Philippines
were of American origin and that a substantial number of
the cartoons, information, religious, andgames programmes
was supplied by theUnited States. Next to theUnited States
was Japan, which accounted for 4 per cent of foreign
programmes in the light entertainment category, followed
by Taiwan (Pr. China) as the third biggest programme
supplier with 13 per cent of total foreign programming
supply - mainly movies, followed by series, variety, and
information.
The earlystudies(NordenstrengandVaris1974,Varis1985)
concentrated on one source of programming, that is, the
national channels,whichat that timedominated television
supply (EBU1989;UNESCO1989).Today it is necessary
to distinguish between three sources of supply and to
analyse the corresponding consumption patterns and
e¡ects. These sources are nationally-distributed,
bilaterally-distributed, and multilaterally-distributed
television and are identi¢ed as `national television' (televi-
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sion supplied on strictly national channels), `spill-over
television' (television signalswhich are distributed terrest-
rially, in general from neighbouring countries) and `satel-
lite television'. More recent studies of television £ows
concentrate on both the supply and consumption of tele-
vision programmes to understand the cultural implica-
tions. Using this approach the 1994 UNESCO study
produced the results summarised in Boxes 7.5 and 7.6
(Sepstrup andGoonasekera1994).
Box 7.6 - Consumption of televi sion in the Asia Pacific region
India: Average daily viewing was about an hour and a half per
day, but viewing time varied from 45minutes onweekdays to
four and a half hours on Sunday. Although the viewing
habits among age, gender, and education groups did not
vary much, the young and educated viewers living in metro-
politan areas appeared to be heavier consumers than others
and women were likely to watch more television than men.
There were only a few foreign programmes and exposure to
foreign programmes was comparatively higher among men
than women, the young than the elderly, and metropolitan
rather than rural people. Of the total number of foreign
programmes viewed, three quarters of these were sports
programmes.
Korea(Republicof):The averageviewing timeperdaywas one
hour and twenty minutes.Very little timewas spentwatching
foreignprogrammes andonly5percentof total consumption
was devoted to foreign programmes. National programmes
dominated total viewing time, especially drama and movies.
On average, approximately 27 per cent of the viewing time
was spent watching drama/movies of which 89 per cent was
of national origin followed by television series accounting
for 24.4 per cent of total consumption.National programmes
accounted for 91 per cent of series consumption, while
foreign programmes occupied only a small portion of the
total consumption.
The Philippines : The average viewing time of the Filipinos
ranged from 3 to 5 hours a day. Sport was the most popular
programme category of the locally produced shows, while
among foreign programmes, American drama/movies were
preferred the most. Despite the small supply of European
programmes, viewing by all groups except children was
considerable. Japanese programmes, mainly in the light
entertainment category, were mostly watched by children
and young viewers whereas Taiwanese programmes were
frequently watched by adults and the elderly.
Philippine television has been strongly in£uenced by
United States programmes. In contrast, India seems to
be little in£uenced by United States programmes despite
the fact that there is concern in India about the `cultural
invasion' which might occur with the ICT revolution.
Koreans consumed very few foreign programmes and
nationally produced programmes seem to be more
popular. The results of this study suggest that the
consumption of programmes can di¡er signi¢cantly from
supply patterns and this is so for both domestic and
foreign programming. Other studies have examined the
globalisation of media in Singapore, Taiwan (Pr. China),
andTurkey, for example, where the active role of the audi-
ence as the key to the development of local cultural indus-
tries has been noted (Wang 1996a). This raises the
question as to whether there is a `saturation point' for
foreign television programming supply.This would have
major implications for the expected cultural impact of
important audiovisual and information content.
Empirical research of this kind consumes enormous
amounts of energy, time, and money, and there are
substantial problems of comparison stemming from
varying country de¢nitions of age, level of education, and
urbanisation. Broadcasters' procedures for the collection
of national and international statistics are not directly
comparable. There is a need for independent studies of
television consumption that may be coordinated region-
ally or internationally, but carried out locally by those
who have knowledge of the particular characteristics of
national markets.
The idea of the `Americanisation' of national television in
other countries is challenged by recent empirical results.
Although the share of United States television
programmes onAsianprime-timeTVscreens is not negli-
gible, there is little understanding about the possible
e¡ect of the national, social, and cultural context on the
consumption of these programmes. As a result some
argue that national and cultural identities are being
eroded, while others contend that the central historical
elements of national cultures will resist `external' and/or
`alien' forces (Biltereyst 1996; Sinclair et al. 1996;
Skovmand and Schroder1992).
The potential cultural impact of foreign media program-
ming means that `cultural identity' will continue to be an
important issue in debates on the impact of the inter-
national £ows of information and audiovisual services
(Servaes 1989, 1991; Hamelink 1989). Pro¢ciency in
foreign languages and familiarity with other cultures
undoubtedly o¡er ways to bridge cultural barriers, and
local communities are separated by `cultural screens'.
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These `screens' may mean that content is appropriated or
`domesticated' in ways that are often not anticipated by
the content producers (Silverstone andHaddon1996).
Cultures form clusters of institutions that have an impact
on, and in£uence, each other thus creating distinctive
identities. Cultural identity refers to an inward sense of
association or identi¢cation with a speci¢c culture or
subculture; and an outward tendency within a speci¢c
culture to share a sense of what it has in common with
other cultures as well as what distinguishes it from other
cultures. The social process of cultural formation is the
result of an interweaving of the behaviour of groups of
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people who interrelate and interact with each other. The
globalisation process can have `particularisation' e¡ects
whereby minorities acquire new voices. The extent to
which local content producers are forced out as a result of
competition from foreign producers depends on whether
policy-makers engage in active promotion (Wang 1996a).
Culture is not static and policy measures are needed to
create a favourable environment for local productions.
7.8 Conclusion -The interaction of global and
local markets
The interaction of global and local markets with the
production and consumption of ICTs and audiovisual or
informationservice content is averyimportant considera-
tion for countries seeking to assemble the components of
the their national information infrastructures.The inter-
action ofglobal and localmarkets in£uences consumption
patterns in the domestic market. Only a few developing
countries have been able to enter the international
market for semiconductors and the new mobile satellite
operators that are expected to launch services by the end
of the decade are basedmainly in the industrialised coun-
tries. Larger countries such as Brazil are planning to
operate their own domestic systems but production of
the hardware and electronic system components is likely
to occur elsewhere. Even this alternative is beyond the
reach of the least developed countries.
Software development and production of information
services and audiovisual programming is taking place in
some of the developing countries and capabilities are
being strengthened in this way. However, in most cases
these capabilities are not di¡using throughout the domes-
tic economy. Some observers question whether software
export capabilities will grow substantially beyond their
current share of the international market.Most suppliers
of on-line information services are located outside the
developingworld as are themainhosts.Developing coun-
tries are building broadcast and audiovisual content
production capabilities and, despite the increasing pene-
tration of content from external sources, local content is
attractive to domestic audiences. A major factor is the
availability of content at a cost that is a¡ordable.
However, audiences and service users cannot choose to
consume information products that are simply absent
from the market and it should not be assumed that
demanddoesnotexiston thebasis ofconventionalmarket-
ing studies.
The international market sets limits and constraints on
ICT and service production within local markets.
However, production is not the only consideration in
building national information infrastructures. Equally
important is the active participation of those who
consumeproducts andservices.The expansionofnational
and global networks combinedwith the declining costs of
ICTs are opening possibilities for re-engineering, local
maintenance of software, and for the production of
information services and audiovisual programming.
However, developing countries, and especially the least
developed countries, face di¤cult choices. These coun-
trieswill need to ensure that the services and programmes
that are consistent with their development goals are
encouraged and supported by policy measures.
Capabilitybuildingon the supplyside is resource intensive
in terms of skills and knowledge.The institutional frame-
work for regulation of communication services, imports
and exports of content and technologies, and investment
in R&D, is also very important. The factors a¡ecting the
assembly of the components of the national information
infrastructure are only part of the picture.The conditions
under which ICTs and services are accessed are equally
important. Policy-makers in developing countries will
bene¢t from recognising that production and consump-
tion are inseparable.
The politics, economics, and sociology of innovation is always
skewed and uneven, fought out at the interface of design and
domestication. These relationships are themselves complicated
by the competing interests within producing and consuming
groups as well as those between them ... this relationship must
be seen as a dialectical one whose outcome cannot simply be
read o¡ from intention orprecedent.Technical and institutional
innovation, similarly, are processes that must be understood in
theiressential tensions (SilverstoneandHaddon1996:71-72).
The implication of these tensions between supply and
consumption for developing countries is that the
outcomes will not replicate the experiences of the indus-
trialised countries.There are many opportunities for the
creative recombination of local capabilities with new ICT
goods and services inways that o¡er bene¢ts for develop-
ing countries.
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Notes
1 Law 8248/91, Decree 792/93 and 1070/94 provided the
legislative tools for policy implementation.
2 See Brazil Ministe¨ rio da Cie
ª
ncia e Tecnologia (1995,
1996a,b); Brazil Secretaria de Pol|¨ tica de Informa¨ tica e
Automac° ìao (1995).
3 The Korean chaebol, unlike the more familiar Japanese
keiretsu, does not have a bankat its core. Consequently, the
chaebols always have been heavily dependent upon the
largesse of the Republic of Korean government in terms of
credit subsidy provision.
4 Governance refers to theprocess of coordinationand regula-
tion of transactions, which is best conceptualised at the level
of industrial sectors. The governance structure provides
both an institutionalised constraint on ¢rms and an oppor-
tunity for implementation of strategy. It matters for the
performance of a sector because di¡erent modes of govern-
ance are conducive to di¡erent mixes of cooperation and
competition Sako (1994). See also Streeck (1993); Streeck
andSchmitter (1991);Campbell et al. (1991).
5 For the market regulation view, see Balassa (1981) and
various World Bank publications on Korean industrial-
isation. For the state regulation view see Deyo (1987)
Wade (1990).
6 Communication by theDelegation of theCommission of the
European Communities to the US Department of State,
Washington DC, June 1994 in International
TelecommunicationUnion (1994).
7 Communication by Pape G. Toure, the delegate from
Senegal, representing the Group of African and Arab
Countries at theWorld Telecommunications Policy Forum,
Geneva, 21-23October1996.
8 Systems software includes the operating system, compilers,
debuggers, editors, etc. Applications packages encompass
both cross-industry (for example, order processing and
accounting systems) and industry-speci¢c (for example,
banking and manufacturing systems) software.
Development tools include reusable libraries (for example,
kernels,mathematical sub-routines, input-output routines,
etc.), CASE product clusters (such as analysis and design
aids, code generators, programming support environments
and IPSEs and applications tools (for example, 4GLs,
database management systems, report generators, query
languages, spreadsheets, graphics, etc.). Software may be
delivered in di¡erentmodes (standardpackages, customised
packages) and media (£oppy disc, tape, cartridge) and
software programmes may be run on mainframe, mini-
computers or micros. Programs can be written in aplethora
of contrasting programming languages - di¡erent genera-
tions of which co-exist in time.
9 In contrast, the machine-centred perspective encouraged
concentration on maintaining the integrity of individual
system components.
10 According toCorrea (1996),TataComputing Services and
Tata Unisys Ltd, dominant exporters of Indian software,
based entry into this marketon earlier service bureau activ-
ities with clients in developed countries.
11 Calculated byR.Heeks based onmore than 250 interviews
with representatives of the Indian software industry includ-
ing those with all the top and most of the middle software
exporters, seeHeeks (1996a).
12 Several key references address the role of audiences, the
media, political order, and culture in the context mainly of
industrialised countries, see for example Cliche
¨
(1997);
Morley (1989); Dervin and Clark (1989); Schlesinger
(1992); Silverstone and Hirsch (1992). Nostbakken and
Morrow (1997) take a global perspective.
13 This argument is made by JeremyTunstall (1977).
14 Based on reports bySepstrup andGoonasekera (1994)and
Goonasekera (1993).
15 This termwasused in theCanada in thecontextof thedebate
about the implications ofUnitedStates broadcast program-
ming reception for Canadian culture, see Smythe (1981).
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8. National information infrastructure access - Building social and
market value chains
8.1 Introduction - Promoting access to
communication infrastructures
This chapter focuses on the strategies being adopted by
developing countries to encourage the modernisation
and extension of the communication infrastructure.The
principal goal is to ensure that the infrastructure is avail-
able to a wide range of potential users so that they can
access and distribute information from both local and
global sources. The di¡usion of basic telephone services
in many developing countries lags substantially behind
the industrialised countries (see Chapter 2). One aspect
of current strategies is to improve the accessibility and
a¡ordability of the telephone service. Another is to
extend the capacity of networks that can be used to access
advanced services and applications including the
Internet. If a relatively ubiquitous and a¡ordable commu-
nication infrastructure is in place it can provide the basis
forgaining advantage fromthe national information infra-
structure in ways that are consistent with encouraging
new social and market value chains in developing
countries.
Under the public monopoly form of communication
network supply, the rate of investment inmost developing
countries has been insu¤cient to meet these goals for a
varietyof reasons.In thepast, thesehave includedthepoli-
ticalmotivation to limit access tonetworks, the perception
of access to telephonyas a luxury, the use of telecommuni-
cation service revenues to contribute to general govern-
ment funds, and ine¤ciencies stemming from the
structure and organisation of the domestic industry.
There is a very strong association between the rate of
investment in the communication infrastructure and
economic growth potential. The potential value to ¢rms
and citizens of an a¡ordable basic telephone service is
now widely recognised, and the use of networks and ICT
applications as tools to support both social and economic
development is occurring on an increasingly wide scale.
The Internet o¡ers new possibilities for communication
and for distributing information that can engage many
people in creating information resources. W|thout an
adequate communication infrastructure, the promise of
the new ICTservices and applications simply cannot be
delivered.
In this context, there aremanywhoarguefor the liberalisa-
tion of communication infrastructure and service
markets. Market liberalisation is expected to lead to new
investment in the infrastructure and, in combination
with privatisation and competition, to e¤ciencies of
operation. Many developing countries have, in fact
already begun to liberalise their markets. At the same
time, the industrialised countries have been moving away
from traditional monopoly supply arrangements. One
result of this has been that an oligopolistic formof compe-
tition is emerging on the world telecommunication
scene.Theformermonopolists in the industrialised coun-
tries are facing competition in their home markets and
they are seeking entry into other markets in both the
industrialisedanddevelopingworld.Market liberalisation
and new entry into the telecommunication supply
market isbeingaccompaniedbynew regulatorymeasures.
All this has major implications for developing countries.
The ¢rst implication is that a combination of competitive
pressures, technological innovation, and regulatory
policy is being accompanied by `tari¡ rebalancing'. This
is a process whereby the prices for long distance telecom-
munication services and business oriented services tend
to be reduced and those for local access and usage tend to
be increased (depending on the strength of competition
in di¡erent segments of the market). Once competition
becomes e¡ective, price reductions for all services are
expected.
Secondly, private, competing network operators are
encouraged, with incentives or obligations, to extend
their networks and services on an a¡ordable basis to
geographic and socio-demographic areas deemed to be
marginally pro¢table or unpro¢table. Universal service
obligations for basic telephone access (and occasionally
access to other services) are being introduced in the form
of `taxes' on telecommunication revenues to fund service
extension to unserved areas. Conditions are often placed
on licensees to achieve a speci¢ed coverage and quality of
service in the territories they serve.
As competition is introduced in telecommunication,
cable, and satellite markets, the `convergence' of commu-
nication delivery modes is a third focal point for new
developments. In some countries, telephone companies
are o¡ering entertainment and information services, and
cable, satellite, and utility companies are beginning to
move into the telephone service market.These develop-
ments have an impact on the dynamics of the domestic
market andthe rate atwhich the infrastructure is extended
andmodernised.
In the international market, competition is putting enor-
mous strains on the arrangements used to share the reven-
ues generated by international telecommunication
services. Historically, these services were supplied by two
national monopoly operators (and transit operators).
These mainly state-owned organisations, the Public
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Telegraph and Telecommunication administrations,
organised an international accounting system within the
framework of International Telecommunication Union
regulations. International telephone service revenues
were shared on the basis of agreements on the costs of
supply and the £ow of inbound and outbound tra¤c
between countries.W|th the introduction of competition
in some national markets, the traditional system is being
called into question.This problem arises especially when
the outbound £ow of international tra¤c is substantially
greater than the inbound £ow. The existing accounting
system results in a situation in which United States tele-
communication operators' net payments to other coun-
tries in both industrialised and developing countries
amount to an estimated US$ 5 billion annual transfer of
revenues.
It is arguedthat the costs of international telecommunica-
tion service supply have been substantially reduced by
the advent of digital networks, high capacity ¢bre optical
links and the use of satellite technologies. Some analysts
foresee `near zero prices'as a result of the greater capacity
available for international telecommunication. If the
costs of supply to the operators are declining, it is argued,
so too should the prices of services. To the extent that
prices fail to decline substantially, the operators in coun-
tries which bene¢t in revenue terms from the current
arrangements are said to be reaping unfair monopoly
pro¢ts. The United States Federal Communications
Commission and the International Telecommunication
Union are negotiating new mechanisms for managing
the joint supply of international services. There are also
pressures to permit market access so that a single operat-
ing company can provide end-to-end services between
countries. As a result of the new proposals, the revenues
from international telecommunication tra¤c accruing to
many developing countries are likely to be reduced
substantially in the coming years.
For many developing countries, however, these revenues
after settlement, have been a major source of funds.The
changes being proposed are likely to have a major impact
on the capacity of these countries to generate internally
the investment needed to develop their domestic infra-
structures.The capacity costs of raw switching and trans-
mission for communication networks are a relatively
small portion of the total costs for the supply of interna-
tional telecommunication services.The costs of software
requirements, producing content, and marketing in
response to competition, are an increasing proportion of
total service costs.Thus, as the costs of some elements of
service provision decline, others are increasing. If new
proposals for sharing revenues do not take the increasing
cost elements of service supply into account, the telecom-
munication development aspirations of some developing
countries will be jeopardised.
The potential of telecommunication development is
substantial. It is likely that most countries will be able to
generate revenues from service supply if they can attract
inward investment for the extension and modernisation
of their networks.This is essential if these countries are
to gain leverage from electronic networks to address
social and economic development problems. However,
market liberalisation, privatisation, and the introduction
of regulation are not straightforward processes.There are
many di¤cult policy choices and problems that need to
be managed and overcome if the hopes for telecommuni-
cation development are to be ful¢lled.
This chapter reviews the arguments for investment in tele-
communications as ameansofenhancingeconomic devel-
opment prospects (section 8.2). The meaning of `uni-
versal service' in the context of developing countries that
donot have high levels of telephonypenetration is consid-
ered next (section 8.3). Section 8.4 provides a summary
of themeasures that are being introduced in the countries
and territories with economies in transition in central
and eastern Europe, and the Latin American and Asian
regions to encourage investment in the communication
infrastructure (details of selected country and regional
experiences are included in the appendix to this chapter).
Section 8.5 highlights some of the patterns that are emer-
ging in di¡erent regions and the key issues for developing
countries as they attempt to reduce the `access gap'.
8.2 Increasing the returns from investment
The communication infrastructure is only one part of the
national information infrastructure, but it plays an impor-
tant role as part of a complex technological system. The
notion of a technological system is emerging as a substan-
tial advance in the economic analysis of technological
change and the determinants of economic growth.
Technological systems are made of a variety of sub-
systems and speci¢c technologies that produce at a
maximumlevel ofe¤ciencyonlywhenall the components
of the system are in place.
New technological systems emerge in instances where
technologies that are more e¡ective and productive than
their substitutes provide scope for improvements in
productivityas a resultof their associationwithother tech-
nologies. New systems also depend on factors such as
speci¢c skills and intermediate inputs.When a new tech-
nological system emerges a cumulative process of endo-
genous growth and productivity increases is likely to take
place along with the introduction of new complementary
technologies and applications with their e¡ects on overall
productivity levels.
The complementarity requirements of technological
innovations in the ICT sector have an impact on overall
levels of productivity and the pro¢tability of each techno-
logical innovation. The di¡usion and adoption of new
complementary technologies is a factor in the implemen-
tation of the new technological system and, consequently,
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a factor in further improvements in productivity. Only
when an appropriate mix of innovations is available can
the full bene¢cial e¡ects in terms of increasing returns
and externalities be achieved.
Interrelatedness between new technologies and those
embodied in existing capital stocks is a major issue in
assessing the rate and e¡ective penetration ofnew techno-
logies in the economic system (Antonelli 1995).W|th low
levels of interrelatedness, adoption of new technologies
is faster andtechnologyblending is easier.Piecemeal addi-
tion of new capital goods to existing capital stocks is
possible.W|thhigh levels of interrelatedness,new technol-
ogies can di¡use only with substantial changes in the
composition and vintages of the stock of ¢xed (and
human)capital (Antonelli1995;David1987;Frankel1955).
ICTs have high complementary requirements in terms of
interrelatedness.They are likely to di¡use widely into the
economic systems only when a full set of complementary
and interrelated infrastructures has been installed. The
levels of technological interrelatedness for advanced tele-
communications are very high. Simply adding on digital
and software-based telecommunication technologies to
pre-existing electromechanical switching and copper or
coaxial cables will not allow the full bene¢ts to be gained.
The adoption of electronic switching and transmission
technologies and optical ¢bre cables often requires parts
of the installed infrastructure to be retired.
The modernisation of switching and transmission equip-
ment is a precondition for the growth of distributed ICT
applications.Anadvancedtelecommunication infrastruc-
ture is essential to provide universal, reliable, high
quality, and low cost services upon which a full array of
technological and organisational innovations can be
based, for example, £exible manufacturing systems, just-
in-time management systems, distributed data networks,
innovative advanced services, and intra- and inter-
corporate information £ows.
Telecommunication networks are characterised not only
by the direct gains from technical improvements and cost
reductions. Their value increases as the network is
extended. Table 8.1 provides an illustration of this e¡ect
for telephonynetworks.Innetworks,calling opportunities
are determinedby the combination of thosewho can initi-
ate calls, and those who can receive calls. A 10 per cent
penetration rate permits only 1 per cent of the potential
calling opportunities, because 90 per cent of the partici-
pants can call neither one another, nor the 10 per cent
who are connected to the network.At 90per cent penetra-
tion, 81per cent of the potential calling opportunities are
possible. As the network is extended, the bene¢ts of
expanded calling opportunities increase at a rate more
than twice that of the network expansion rate.
Telecommunication networks provide empirical evidence
for the notion of network externalities. The incremental
introduction of a full array of complementary and inter-
related ICT innovations in the production process, and
in the ¢rm or public sector organisation, depends on the
penetration of advanced telecommunication and compu-
ters in the system.High levels ofdi¡usionofadvanced tele-
communication infrastructure are likely to spread major
externalities to downstream sectors - users of telecommu-
nication services - andpotential adopters of those techno-
logical and organisational innovations, based on this
infrastructure and services.
The analysis of the international di¡usion of ICTs
con¢rms that investments in infrastructure are crucial.
New technological systems, especially those embodied in
capital intensive processes, are likely to di¡use faster
Table 8.1 - Multiple benefits of network expansion
Change with growth
Population
(% coverage)
Calling opportunities
(% of total)
Population coverage
(% increase)
Calling opportunities
(% increase)
Calling opportunity
multiple
10 1 ^ ^ ^
20 4 100 400 4.0
30 9 50 25 2.5
40 16 33 78 2.3
50 25 25 56 2.3
60 36 20 44 2.2
70 49 17 36 2.2
80 64 14 31 2.1
90 81 12 27 2.1
100 100 11 23 2.1
Source: Melody (1993).
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within the economic systemwhen high rates of economic
growth make it possible to increase the £ow of invest-
ments. Faster rates of adoption, in turn, contribute to
increasing productivity rates. The empirical evidence
con¢rms that this dynamic stresses the role of total invest-
ments, that is, both gross and net investment. Gross
investment plays the essential role of modernising the
communication infrastructure of the economy. It makes
it possible to supply advanced services to a large number
ofusers.Rates ofgrowthofoutput andtotal factor produc-
tivity levels appear to be signi¢cantly related to the levels
of penetration and the rates of growth of both basic tele-
communication infrastructure and advanced telecommu-
nication (measured by the share of digital lines of total
available lines) as well as to the levels and intensities of
output of investments in telecommunications. The
econometric evidence con¢rms that a clear cumulative
relationship exists between the rate of modernisation of
the telecommunication infrastructure and productivity
growth (Kaldor 1957; Salter 1966; Lamberton 1995;
Pogorel1996; Bohlin andGranstrand1994).
The evidence also con¢rms that the levels of investment in
telecommunications and, therefore, the di¡usion of
advanced infrastructure, have important impacts on the
demandandsupplysides of the telecommunication indus-
try. The supply of advanced telecommunication services
favours the emergence of a `network of networks', that is,
an arrayof specialised,complementary, and rival networks
that substitute for themore homogeneous networks char-
acterising monopolistic market structures. The demand
for telecommunication services is in£uenced by the
demand for data communication. Adoption of new ICTs
has signi¢cant e¡ects on the organisation of production
processes, for example, radically modifying the sequence
of production phases, the length of the processes, and the
quantitative and temporal relationships between stocks
of intermediategoods and¢nalgoods.Adoptingnew tech-
nologies enables the composition of economies of scale at
batch, department, and plant level to be modi¢ed. The
adoptionofnewICTsmakes itpossible tomodifythe orga-
nisational relationships between phases of the production
process, so that market relations can be strengthened.
Hierarchical/bureaucratic types of coordination can be
replaced to some extent by a mix of cooperative relation-
ships (Antonelli 1988, 1992).
The economic advantages and the extent to which an
economic system can bene¢t from the development of an
advanced telecommunication network are likely to be
much larger than the actual marginal economic gains
accruing to each adopter. These network externalities
apply to a variety of ICT innovations. The productivity
arising from the adoption of a single component of the
network - aswell as of a variety of network-based products
and services - is dramatically enhanced by the advantage
of being able to networkwith other computers, ¢rms, and
organisations.Networking requires an advanced telecom-
munication network and network externalities provide
the main argument in support of the hopes and expecta-
tions that investment in telecommunication networks
will spread bene¢cial e¡ects to users and, ultimately, to
the whole economic system.
8.3 The necessary and sufficient conditions for
access
Sub-Saharan Africa has fewer telephones than the city of
Tokyo. Sri Lanka has one telephone mainline per 100
people, while Australia has 50.The situation is similar for
computers that are needed to access the Internet. There
is a greater number of television sets and radios available
to people in developing countries but there is an `access
gap' here as well. These are elements of the standard
discussion about the `access gap' and concerns about the
`information rich' and `information poor'. However, this
standard narrative obscures as well as illuminates. Access
leading to greater use of ICTs is only part of the story.
People must be able to obtain bene¢ts from use and the
new networks need to be regarded as providing a basis for
accessing intermediate goods and services rather than
¢nal goods and services.
This means that it is important to ask what is gained
through access to the telecommunication network. The
telecommunication network has never provided a single
`product'. Distinctions range from primary use of the
networkforcalling(forexample,payphones)versus receiv-
ingcalls (for example,`life-line'services) tovoice telephony
versus data communication.The di¡erences are re£ected
in technical features, prices, and the symbolic aspects of
the services. Most networks and services have been
shaped by economically and politically powerful actors.
Access by the less powerful is limited in two ways. First,
they have fewer opportunities for physical connectivity to
the network. Second, services o¡ered on the networks do
not always re£ect their needs. If access is to assist in
meeting social and economic development goals, both
conditions must be satis¢ed.
In industrialised countries, lower connectivity takes the
form of unconnected households within certain demo-
graphic groups and lower levels of connectivity to
advancedservices(Samarajiva andShields1990).In devel-
oping countries, unconnected households predominate
with an overwhelming rural component.When marginal
groups do have access to the network, the services are
often inappropriate for their needs. Simple network
expansion or the provision of more of the same services
willnotnecessarilyclose the`accessgap',even if teledensity
(main telephone lines per 100 people) reaches parity with
the industrialised countries.
Several conditions need to be satis¢ed to ensure that tech-
nological design, price, and the symbolic features of
networks and services meet users' needs in a way that
closes the gap. Cultural factors shape user needs as much
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as economic andpolitical conditions.There is thereforeno
universal prescription for closing the gap. Since di¡erent
user groups have di¡erent needs with respect to telecom-
munication network access, a homogenous package of
network-based services suited to all users is not feasible.
`Access' has a signi¢cant subjective component that is
not fully captured by standard indicators re£ecting the
quality of service or the penetration rate of telephone
lines. These indicators can only document whether the
necessary conditions for access are being met.
The necessary conditions for access include the physical
availability of network connections in various forms
including wireless links and pay phones. Indicators such
as main lines and cellular connections, settlements with
at least one pay phone, pay phone distribution, and
prices of services in relation to the cost of living, can be
used to judge whether the necessary conditions of access
exist. Quality indicators such as time-to-dialtone and
failure and repair rates are also components of the neces-
sary conditions of access. A pay phone that does not work
most of the time does not provide access. A telephone
line that mostly generates busy signals does not provide
access.
These indicators are gross indicators because they are
usually reported in aggregated form, averaging data for an
entire country. It is always useful to disaggregate by
geographic area as well as by demographic group. For
example, a recent study of network connectivity by
census tract in the American city of Camden, New Jersey
illustrates the e¡ects of geographical averaging. The city
had a household penetration rate of 80 per cent, 14 per
cent lower than theUnited States national average, but in
parts of the city centre, the penetration approached 50
per cent. The value of demographic disaggregation is
shown by the stark disparity between the teledensity of
below 3 for Blacks and 25 for Whites in South Africa
(Mueller and Schement1996).
Ensuring that people's needs for access aremetmeans that
su¤cient conditions for access must also be in place.These
conditions are culture and group speci¢c.They are repre-
sented by indicators that incorporate subjective responses
to telecommunication services. Indicators of subjective
satisfaction, complaint rates,`churn' (the rate of subscrib-
ing to and terminating service subscriptions), provide
proxy measures of these subjective responses although
they require care in interpretation. For example, the
complaint rates increased in Mexico after the Telmex
privatisation at the same time that other measures of
quality increased. Subscribers who were resigned to poor
serviceunder theoldpublicmonopoly,startedto complain
because privatisation raised both their expectations and
some of their telephone charges.The availability of multi-
ple services, service packages, and pricing options often
appears to indicate that the su¤cient conditions for
access are being met. However, supplier-provided market
di¡erentiation is not necessarily responsive to all users'
needs and especially not the needs of those who have
historically been marginalised.
There is no `one-size-¢ts-all' solution to reducing the
`access gap'. Public or private monopolies are not very
e¡ective in providing services that are responsive to all
user needs. Regulatory mechanisms (including social
contracts and other conditions) that involve users in the
service provision process may alleviate some of the nega-
tive e¡ects ofmonopoly.Because of network externalities,
increasing returns,andpathdependencies in the telecom-
munication industry, perfectly competitive markets are
unlikely to emerge and the market cannot easily perform
itsdiscoveryfunctions.However,competition is bene¢cial
in providing incentives for innovation and improved
performance. It is important that £exible regulatory
mechanisms are established to enable and sustain compe-
titionwhich is responsive to all user needs.
Regulatory agencies are needed to emphasise particular
measures to reduce the access gap at di¡erent stages of
networkdevelopment.In the earlystages ofnetwork devel-
opment, for example, when teledensity is less than 10, an
emphasis on creating conditions for e¡ective competition
and network expansion is often needed. Potential users
need to be brought into network planning and design
processes. Prices may be given a lower priority in that
early subscribers will have the economic and political
wherewithal to keep the operators' pricing strategies in
check, especially if there is competitive entry. As network
penetration increases, subscriber education needs
greater emphasis together with the systematic integration
of indicators of subscriber satisfaction and the introduc-
tion of incentives to operators to consult with, and be
responsive to, users.
Mostof the informationavailable fromcase studies of tele-
communication liberalisation and investment strategies
in developing countries focuses on the necessary condi-
tions that are being addressed in an e¡ort to reduce the
`access gaps'. New indicators are needed to assess
whether the su¤cient conditions for access are beingmet.
8.4 Communication market liberalisation,
regulation, and investment
Pro¢les of market reforms in the economies in transition,
the Latin American region, and Asia (see also more
detailed accounts in section 8.7 - Appendix) show that
the priority being given to introducing reforms is some-
what di¡erent in the three regions. Although there are
common elements in the movement toward greater reli-
ance on market instruments to encourage developments
in the communication infrastructure and services, it is
being articulated di¡erently. There are exceptions and
di¡erences in the strategies being adopted by each of the
countries within these regions. Nevertheless, the Asian
countries seem to have achieved an explicit linkage
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between reliance on electronic commerce, engaging
people in creating information resources, and infrastruc-
ture investment. Both the economies in transition and
the countries in theLatinAmerican region are concerned
with telecommunication infrastructure investment and
this is not as closely linkedwith e¡orts to build capabilities
in service content areas.
8.4.1 Reform in the economies in transition
There has been explosive growth in demand for telecom-
munication services inmostof the economies in transition
since the beginning of the decade. Electromechanical
switchingcapacityhas restrictedexpansionandupgrading
of public telecommunication networks. By 1994 the
waiting list for a telephone line totalled 23 million people
and one quarter of the expressed demandwas unsatis¢ed.
The models of privatisation and competitive entry di¡er
considerably between these countries. Monopoly supply
has been retained in some countries, while in others, full
competitive entry in local service markets is being
permitted. Regulations are putting conditions on inward
investors to increase the penetration rate for telephone
services and more competitive tendering procedures are
being introduced. W|reless `local' loops are providing a
technological alternative to the ¢xed infrastructure.Tari¡
rebalancing has been introduced in some countries with
the result that better prices have been achieved during
privatisations. Many businesses continue to have access
onlyto a single telephone line, limitingtheadvanced appli-
cations they can adopt to improve decision-making and
to gain e¤ciencies in supply chains. After an initial £urry
of privatisation and market liberalisation, problems
remain of how to respond to escalating demand and to
ensure that competition is e¡ective.
8.4.2 Accessing the infrastructure in Latin
America
The emphasis in many Latin American countries in the
telecommunication sector is on the expansion of tele-
phony connections from the relatively low base that exists
as compared to the average rates of penetration in the
OECD area. Privatisation, legislation to accompany
competitive entry, the build up of regulatory capabilities,
and consideration of how to extend basic telephone
services to agreater share of thepopulations of these coun-
tries are oftenpriorities. Investment inadvanced facilities,
including optical ¢bre grids, to increase the capacity of
backbone networks is occurring but the telecommunica-
tion sector continues to be relatively technology driven as
the discussion of changes does not focus explicitly on the
relationship between the investments in infrastructure
andtheuses andapplications ofservices. ICT applications
including audiovisual programming and interactive
service applications tend to be the concern of a separate
information technology community. Organisational
convergence in policy-making to parallel the technical
convergence between information technology and tele-
communication technologies is not readily apparent in
most of the countries in the LatinAmerican region.
Brazil economicand legal reforms
Brazilian telecommunication services are provided by
Telebras, a state-controlled holding company, that had
achieved an average telephone density in 1996 of 10.2
lines per 100 population. It has been slow to respond to
demand for increased service quality and data speeds.
Market liberalisation for telecommunications is part of a
structural adjustment plan for the economy as a whole.
Reformshave includeda change in1995 to the legal frame-
work for the telecommunication sector which is being
implemented on a step by step basis. Since 1996 entry of
the private sector into cellular telephony, satellite and
data transmission, and value-added services has been
opened but there are restrictions on foreign ownership. A
General Law ofTelecommunications, including a regula-
tory o¤ce, funding instruments for universal service,
and preparation of future privatisation measures is under
discussion. A `Program for Recovery and Expansion of
theTelecommunications and Postal System' is underway
with optimistic plans to generate investment of US$ 75
billion between 1995 and 2003. Tari¡ rebalancing has
increased the basic residential subscription price and the
prices of local and domestic long distance calls.
Outstanding issues include measures to foster domestic
production and indigenous technological development.
External factors, including the reduction of import tari¡s
and the termination of preferential procurement policies,
are expected to dampen demand for locally produced
equipment. The establishment of a reliable regulatory
body, mechanisms for price control, ¢nancing universal
services, and selling Telebras based on the best price or
strategic bene¢ts are controversial issues. In the short
run, the increase in public investment in preparation for
privatisation has brought bene¢ts but in the medium
term the situation is unclear. A reform schedule that
provides guidance to all the players concerned, as well as
the customers, continues to be necessary.
Investing in telecommunication in Colombia
Since the establishment of a Telecommunications
Development Plan in1995, the goals have been to achieve
universal coverage for telecommunication services
through a Social Telephone Service Programme, infra-
structure modernisation, and the diversi¢cation of avail-
able services. As a result of a privatisation process and
regulatory measures introduced by the Ministry of
Communications, investment in the sector for the period
1995 to 1998 is estimated at US$ 4 billion representing a
net growth of 65 per cent over the period1990-1994.The
average telephone density of14main lines per100 inhabi-
tants at the endof1995is expectedto reach25per100 inha-
bitants by 2003 and service penetration has grown by 8.5
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per cent annually over the past10 years.Toward the end of
1996, cellular telephony services had410,256 subscribers,
and accumulated revenues of nearly US$ 500 million for
sixprivate companies covering three regional cellular tele-
phony territories.
Jamaica's telecommunication regime
The JamaicanGovernment's approach to market liberali-
sation has been to introduce regulation across the utility
sectors. Responsibility is to be shared between the new
regulatory o¤ce and the responsible minister. The tele-
phone mainline penetration rate per 100 people in 1995
was 11.6. Regulatory policies have been outlined with
respect to licences, tari¡ setting, interconnection, and
network access, and promotion of competition in value
added services.However, questions have been raised as to
whether the regulatoryo¤cewill have advisory ormanda-
tory powers. The introduction of competition faces a
number of hurdles owing to the position granted to
Telecommunications of Jamaica Ltd, a majority-owned
subsidiary of Cable &W|reless. In return for providing an
e¤cient and modern network, the company was granted
a 25-year exclusive franchise for ¢xed telephone service,
renewable for a further 25 years. Although competition is
permitted in the supply of cellular telephone services,
Telecommunications of Jamaica has a de facto monopoly
and has been operating an international call-back service
competingwithits ownwireline services.The government
intendsto openupcompetition inservices suchas electro-
nic mail, teletext, videotex, and circuit switched data, but
the legal power to implement this policy awaits industry-
speci¢c legislation.Obligations for themonopolyprovider
of wireline services to interconnect with new market
entrants are still to be put in place.
TheMexican telecommunication sector
The telecommunication sector in Mexico has been
exposed to many changes including privatisation and
liberalisationandby1995the telephonemainlinepenetra-
tion rate per100 inhabitants had reached 9.6.The moder-
nisation of the infrastructure began with the installation
of digital networks and the launch of the ¢rst Mexican
satellites in 1980s.The government has initiated a series
of policy measures that peaked with the privatisation of
Telefonos de Mexico (TELMEX) in 1990. Guidelines
were established for the introduction of competition into
local, long distance, and international service markets by
1997 as well as satellite, cellular, and value added service
markets.An independent regulatory agency to implement
regulation was established although licensing remains
the responsibility of the Secretary of Communications
and Transportation. New legislation permitted 100 per
cent foreign ownership of telecommunication operations
subject to certain conditions. One of the important goals
has been to provide greater legal certainty to investors.
New telecommunicationgroups are being attractedby the
growth of the long distance market with their expected
revenues of US$ 20 billion annually by 2000.The regula-
tory developments have opened the way for the provision
of new services and equipment andmade the sector more
attractive to foreign investors. Nevertheless, there is a
high level of uncertainty as the regulatory provisions have
yet to be tested.
8.4.3 The information superhighways in
India, China, and the ASEAN region
In contrast to the recent experience of theLatinAmerican
region, there appears to be a much stronger focus on tele-
communication, information technologies, broadcasting,
and multimedia as components of the global information
infrastructure in this region. For example, the countries
comprising the Association for South East AsianNations
(ASEAN) embraced integration into the Global
Information Infrastructure as early as 1995 under the
auspices of the Asian Paci¢c Economic Cooperation
(APEC) forum and the Seoul Declaration on the Asia-
Paci¢c Information Infrastructure. The telecommunica-
tion and information industry is believed to have a critical
role in strengthening market linkages and enhancing
trade and investment liberalisation. The Seoul Declar-
Table 8.2 - ASEAN region population, literacy, and ICT penetration, 1994
Total
population
Urban
population
Literacy
rate
Telephones/
100 pop.
PCs/
100 pop.
TVs/
100 pop.
Country (million) % %
Singapore 3.1 100 91.6 47.3 38.0 15.3
Malaysia 19.2 45 78.5 14.7 23.0 3.3
Thailand 59.4 25 93.0 4.7 19.0 1.2
Philippines 65.2 45 93.5 1.7 12.0 0.6
Indonesia 190.3 31 81.5 1.3 9.0 0.3
Viet Nam 73.0 20 88.0 ^ ^ ^
Note: Data unavailable for Brunei andMyanmar.
Source:Various, as quoted in Asiaweek, 8 June1994; ITUSTARSDatabase (1996).
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ation aims to facilitate the expansion of an interconnected
and interoperable information infrastructure in the
region and to promote the exchange and development of
human resources within a favourable policy and regula-
tory framework (APEC1996).
1
The ASEAN nations are characterised by relatively high
literacy rates but they vary sign¢cantly in terms of the
distribution of the urban and rural populations and the
densityof telephone, computers and television equipment
that had been achieved by the mid-1990s (seeTable 8.2).
A central issue facing India, China, and the ASEAN
member states is securing private sector participation in
building the national and regional information infrastruc-
tures. Attention is focusing on foreign ownership and
managementoptions aswell as collaborative arrangements
to gain access to networking technologies, ¢bre optic
cable links, and satellite capacity. The expansion of
national infrastructures is occurring under varying regu-
latoryenvironments and in response to the di¡erent infra-
structure requirements of each of the countries in the
wider Asia Paci¢c region. Observers have emphasised the
need for regional cooperation (see Box 8.1).
Telecommunication Policy in India
The policy framework in India is fragmented and there are
demands for a more coherent approach to building a
supportivenational information infrastructure.Anational
telecommunication policy was announced in 1994 allow-
ing private sector participation inbasic services but main-
taining the public monopoly on long distance services.
The continuinghigh cost of longdistance calls is regarded
as a major inhibitor to the international competitiveness
of the software industry in India. Since 1997 foreign
direct investment is permitted in equity shares up to 49
per cent in the telecommunication industry without
government approval. In 1994 the telephone density in
India was about 0.8 telephones per 100 inhabitants, lower
than China, Pakistan, and Malaysia. To alleviate the
`access gap', the government's strategy is to achieve
market liberalisation, global integration, and market-
driven growth. The passage of the Telecommunication
Regulatory Authority Bill inMarch 1997 was intended to
improve the rural telecommunication network but much
of the investment activity continues to be concentrated in
urban areas.Tari¡ rebalancing for the wireline network is
being introduced and cellular telephones are available to
those who can a¡ord them.The Government has agreed
to phase out its monopoly on service supply and to intro-
duce competition by 2004. For rural areas, access
depends mainly on public telephones. The business
community is seeking investment to extend access to the
Internet and to support data networking.There has been
some recognition that investment in infrastructure needs
to be linked closely with plans for literacy, education, and
commerce in other sectors of the economy.
Box 8.1 - Modernising the Asia Pacific regional infrastructure
In 1993, a review of telecommunication development in the
Asia Paci¢c region looked forward to the immense opportu-
nities for new technological developments. Three-quarters
of all households did not have access to a telephone and the
estimated investment to maintain levels of existing growth
was at least US$ 100 billion from 1993 to the end of the
century. The cost of achieving a teledensity of 10 lines per
100 inhabitants for the lower income countries, including
India and China, was estimated at US$ 400 billion. To
achieve signi¢cant investment levels countries would need
to corporatise their public telecommunication operators,
obtain new sources of funding via privatisation, build-
operate-transfer schemes, licensing of new market entrants
or by freeing the national operator to raise funds on the
market. Under these conditions and given threshold levels
for investment, the ITUexpressed optimism for some coun-
tries. It was observed that `the inequalities within the
region, expressed in terms of access to telecommunication
services, are likely to persist for the foreseeable future. Some
countries have succeeded in catching-up, but elsewhere the
gap between the poorest and the richest is widening' (ITU
1993: 23).
Is the superhighway on its way in China?
The global fervour concerning the information super-
highway has put the modernisation of China's ICTsector
at the top of the political and economic agenda. Many of
China's top leaders regard it to be the principal driving
force toward economic growth and a particular role is
being playedbyuserswho`co-invest' in the telecommuni-
cation network. The telecommunication sector has been
enjoying a very high annual growth rate since 1989 but
demand still cannot be met. The investment strategy
includes a¢breopticnetworklinkingthe easternprovinces
with high population densities, and links to other coun-
tries in the Asia Paci¢c region. Cellular networks have
been established in urban centres and provincial towns.
Although the market continues to be dominated by the
Ministry of Post and Telecommunications (MPT) a
separation of regulatory functions is in process and most
value added services are open to competition. Reforms
are being discussed including how and when to open
basic telecommunication markets to competition.
Whether direct foreign investment should be permitted
in telecommunication operators, and the degree of
foreign involvement in management, are being debated.
A decentralised strategy within the country means that a
large number of regional and local models of telecommu-
nication supply is emerging. There are also con£icts
between ministries responsible for telecommunication
and those with an interest in stimulating production and
use of information technologies.
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Oneofthe results of the investment strategyinrecentyears
has been the bifurcated nature of telecommunication
development between rural and urban areas, coastal and
interior areas, and advanced versus rudimentary techno-
logical infrastructure availability.These emergent dispari-
ties in access to the infrastructure between1988 and1994
are shown inTable 8.3.
Table 8.3 - Emergent access duali sms in China, 1988 -1994
1988
(million)
1991
(million)
1994
(million)
1988-
1994
%
increase
Total telephones in China 9.4 15.0 28.9 207
Total urban telephones 7.5 12.2 23.1 210
Total rural telephones 2.0 2.8 5.8 193
Urban teledensity
(per100 people)
2.6 3.97 6.74
Rural teledensity
(per100 people)
0.24 0.33 0.67
Coastal region teledensity
(per100 people)
1.21 1.94 3.88
Central region teledensity
(per100 people)
0.67 0.92 1.66
Western region teledensity
(per100 people)
0.19 0.72 1.02
National total teledensity
(per100 people)
0.85 1.29 3.20
Cellular Subscribers:
Coastal region teledensity
(per100 people)
0.54
Central region teledensity
(per100 people)
0.17
Western region teledensity
(per100 people)
0.09
National total teledensity
(per100 people)
0.13
Source: Compiled from State Statistical Bureau (1989, 1992, 1995);Wang (1996b).
Improving the infrastructure and overcoming the low
penetration rate of telephones and computers, strength-
eninglocal areanetworks,andproducingnew information
services are likely to take some time despite the rapid rate
of investment. China will continue to face major chal-
lenges andtherewillbe aneedfore¡ectivepolicyandregu-
lation in order to attract the necessary external investors.
A telecommunication law covering most of the ICT
sectorhas been in the drafting stage andsubject to internal
discussion for some years.
Investing in the Asia Pacific regional infrastructure
Since the movement for privatisation and liberalisation
became popular in the OECD countries in the 1980s,
investment in the telecommunication sector has received
priority in the emerging economies of the Asia Paci¢c
region. Telecommunication was seen as a catalyst for
regional development with special emphasis on building
regional community networks as a means of ensuring
economic growth and the intellectual infrastructure of
the region. Countries of the Paci¢c Rim are investing in a
basic telecommunication framework that links such
investment to strategies of development in education and
training, andboosting their business sectors to participate
in global markets. This has led to a healthy partnership
between the government andtheprivate sector in promot-
ing innovations and transfer of technology which will
help them take advantage of the global information infra-
structure.
Some50percentoftheworld's totaloutputcomesfromthe
Asia Paci¢c region along with 46 per cent of world trade
and 40 per cent of world population. It is now recognised
thatwhen the economy of a country is expanding, its tele-
communication sector grows faster. For example, in
China the economy has been growing at 11 to 12 per cent
eachyear,but the telecommunication sectorhas registered
a growth rate of more than 25 per cent annually. Even if
the economy is stagnant, as in the case of V|et Nam or
Cambodia, the telecommunication sector keeps growing.
W|th 250 million people inhabiting the region there is a
booming market for telecommunication equipment and
services. However, there is widespread disparity between
the availability and a¡ordability of telephones in the
lower income and higher income countries of the region.
The World Bank estimates that the Asian countries will
needUS$90 toUS$120billion toprovidebasic telephone
services to the more remote regions as well as some
urban centres.
Although income distributions are highly skewed
throughout the region, there has been a substantial rise
in a more a¥uent urban middle class, resulting in greater
demand for value added products and services. Many of
the potential products and services are being created
largely in the developed countries. Policy-makers are
becoming more pragmatic in their approach towards
investment in the telecommunication sector, leading to
greater liberalisationof investmentpatterns.While invest-
ment in infrastructure is a determinant of economic
growth, the location and expansion of this infrastructure
are equally important. The creation, use, and transfer of
knowledge can bring dynamic externalities providing the
basis for both incremental and radical innovations.There
have been major developments in all the key ICT infra-
structure markets.
] Fibre optic technology:The rapiddeploymentof¢bre for
terrestrial and submarine connectivity has become criti-
cal to investment policies. Investors are aiming to
enhance telephone line density in their countries, not
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only for voice connectivity but for programmes of tele-
education and telemedicine.
] Mobile communication:While submarine systems have
many advantages, they only serve coastal regions and
need to be augmented by other systems to transmit
signals to interior regions and island formations.
Mobile communication is attracting the attention of
investors around the globe with high annual growth
rates in the Asia Paci¢c region (seeTable 8.4).
Table 8.4 - Cellular telephony in the Asia Pacific region,
1994, 1995 (million)
Country Subscribers
December
1994
Subscribers
December
1995
Annual
growth%
Australia 1,570 3,170 102
Brunei 15 30 107
China 1,570 3,390 116
Fiji 1 2 100
HongKong 439 697 59
India 0 29 n.a.
Indonesia 101 188 86
Japan 3,450 8,052 133
Malaysia 568 836 47
Macao 26 40 54
NewZealand 222 356 60
Pakistan 36 53 46
Philippines 193 479 148
Singapore 219 290 33
Korea (Rep. of ) 960 1,641 71
Sri Lanka 33 47 48
Taiwan (Pr. China) 584 789 35
Thailand 810 1,274 57
Viet Nam 10 30 194
Others* 26 48 83
Total 10,833 21,441 98
Note: * Bangladesh, Cambodia, Guam, Kyrgyzstan, Laos, Myanmar, Samoa
Source: Global Mobile (1996).
] Geostationary satellites (GEOS): The rush for satellite
orbital slots over the Paci¢c Ocean indicates the fast-
growing demand for telecommunication and television
services. Ever since Indonesia launched its ¢rst Palapa
series of domestic satellites in1976, the bene¢ts to users
in the regionhavebeenclear, leading to large scale invest-
ments in this technology over the last two decades. As
satellite technology advances into the realm of the
higher KU band of the radio spectrum and digital
switches, the Southeast Asian countries are mustering
their resources to `leapfrog' to newer satellite models
popularised in theUnited States.
] Very Small Aperture Terminals (VSATs) for satellites:
The advantage of VSATs is that they are low cost and
portable and can be located on roof tops even in rural
areas. These are one-way receiving dishes that are now
able to receive Direct-to-Home satellite signals from
the new satellites made for this use.
] LowEarthOrbitingSatellites (LEOS):The potential for
portable LEO systems is considerable because they
permit roaming across political and geographic bound-
aries. However, LEOS require large quantities of radio
spectrum.
] Internet Access: Most Asian countries have started
sur¢ng the Internetwith technology provided by indus-
trialised countries. Asian countries want to use the
empowering service of the Internet to get their citizens
`onto' the global information infrastructure. Even the
small islands of the South Paci¢c are bidding to obtain
their own Internet services.
All formsofglobalconnectivity,fromtelephonemessaging
to the Internet, are being embraced by the developing
countries in the Asia Paci¢c region and competition is
becoming imperative (Jussawalla 1995a). Few countries
have attempted to acquire the bene¢ts of the most
advanced ICTs in the past two years as enthusiastically as
the economies in Asia (Jussawalla1995b).The newmedia
are changingthewayAsian societies think,workand inter-
act with each other. W|th the dawn of the `Dragon
Century', Asia is being forged by economic integration,
telecommunication technology, and the mobility of
information.`This is not the `westernisation' of Asia, but
the `Asianisation'of Asia: an exploding market of 3 billion
people, half ofwhom are under the age of 25'.
2
8.5 Emergent access `dualisms'
Manyofthosewhomonitorandforecasttrends in the costs
and prices of international and domestic telecommunica-
tion services are forecasting massive reductions. They
argue that a `bandwidth glut' created by overcapacity in
international communication will spill-over into domes-
tic longdistancemarkets.Combinedwithmarket liberali-
sation and competitive entry, the prices for the use of
switchedandleasednetworkcapacitywill fall dramatically.
`Near zero' prices for services could be in place by 2005
(Forge 1995). Major price decreases that would produce
the forecast `near zero' prices for communication services
(as distinct from raw transmission capacity) on a global
basis are unrealistic for many reasons, not least because
of the increasing costs of the software that is needed to
provide services. Nevertheless, as competitive entry
occurs in national markets and oligopolistic competition
in the internationalmarket takeshold, it is likely that inter-
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national telecommunication service prices will decline
substantially from their current levels.
The prices for telecommunication services are deter-
mined by the costs of the two basic components of
networks, the core network and the access network. The
access network represents a large investment by network
operators. A mobile operator's investment is generally
signi¢cantly lower than that of a ¢xed network operator.
Future trends in prices are a¡ected by reductions in the
costs of network investment as new technologies substi-
tute for older less e¤cient methods of supply. They are
also a¡ected by cost savings due to changes in network
con¢guration. The introduction of competition is
expected to force retail (end-user) and interconnect
(charges to competing operators accessing the incum-
bent's network) prices down. However, the actual impact
is closely linked with whether institutional reforms are
introduced alongside privatisation and competitive entry
(Melody1997a).
The impact of privatisation measures and competitive
entry in domestic markets is unpredictable. Privatisation
generally has been introduced to alleviate demonstrable
(and sometimes growing) cost ine¤ciency. It has been a
counter to the unresponsiveness of nationalpublicmono-
polies to business and/or residential consumer demand,
the appearance of alternative technologies, and invest-
ment requirements for modernisation and extension of
networks that far exceed public sector resources. In some
cases the proceeds for competitive bidding for ownership
of a share of the national monopoly operator have been
used to contribute to general government revenues
rather than to boost investment in the telecommunication
sector. In others, legal private orde factomonopolies have
been created generating new problems (Melody1997b).
In practice, the impact of privatisation is unpredictable
because public monopoly, private monopoly, and imper-
fectly competitive markets each have a di¡erent set of
potential bene¢ts and costs. For instance:
Market failures can lead to divergence between pro¢t and
welfare objectives in private ¢rms. Government failure leads
todivergencebetweenpolitical/bureaucraticandwelfare objec-
tives in state-owned enterprises. Monitoring failure leads to
divergence between the objectives of enterprise managers and
their principals, whether the principals are private owners or
political superiors.The e¡ects of ownership changes on welfare
will dependupon the relativemagnitudes of these imperfections.
As a ¢rst approximation, privatization can be viewed as a
means of reducing the impact of government failure, albeit at
the riskof increasingmarket failures, and of changing monitor-
ingarrangements (V|ckers andYarrow1991:130).
As evidence of the impact of privatisation in di¡erent
countries around the world accumulates, theWorld Bank
has concluded that only about 15 countries have carried
out `exemplary privatisations' of public utility operations
(Melody 1997c). If private monopolists are granted
lengthy periods during which competition is not
permitted or they retain a substantial share of the market
su¤cient to enable them to behave as quasi-monopolists,
then the imperfections of markets and monitoring
through regulation are likely to bring results that do not
meet expectations for the development of the telecommu-
nication sector.Unlessprivatisations in the telecommuni-
cation sector are carried out with other major
institutional reforms, they rarely ameliorate the `access
gap'.
In developing countries there continue to be substantial
barriers to reform, increasing investment and reductions
in prices. In addition, current price structures around the
world are not highly favourable to encouraging use of
advanced network access to take advantage of the
Internet. In the industrialised world there are advocates
of major changes in pricing structures that would reduce
the costs of access and use. For instance, a report by the
OECD notes that,`if the Internet, or similar services, are
to play a central role in information infrastructure, the
evidence indicates that new pricing structures for the use
of communication networks are necessary' (Paltridge
1996: 26).
Indevelopingcountries,theproblemofa¡ordableaccess is
even greater. For example, analysis of Internet access in
Africa shows that dial-up access is too expensive and only
a¡ordable by the elite in the capital cities, due to subscrip-
tion charges and high rates for calls to the service pro-
viders (mainly United States-based, followed by France)
( Jensen1996). Low cost dial-up store and forward e-mail
services are becoming relatively widespread.
The £exibility available to most developing countries to
introduce more attractive prices as they extend their
networks in domestic markets is limited by the pressures
of declining revenues from international telecommunica-
tion service supply. Determining whether there are cost
di¡erentials in telecommunication infrastructure supply
between developing and industrialised countries is di¤-
cult and controversial. In 1988 the International
TelecommunicationUnion commissioned a study in this
area. The investigators reported that the required data
were extremely di¤cult to obtain. They were scattered
throughout di¡erent departments and had to bemanually
collected from Accounts, Finance, Tra¤c Revenues,
Engineering, and Project Planning & Management as
well as from international and domestic operators. The
conclusion of this studywas that the datawere inadequate
to allow any conclusive statements about the disparity in
costs between developing and industrialised countries
(ITU1988).
The international accounting system for sharing interna-
tional revenues is based on agreements reached on a bilat-
eral basis among operators and this establishes the costs
incurred by each country. Surplus revenues after taking
account of incoming and outgoing tra¤c £ows using the
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public switched telecommunication network are shared
between countries (Stanley 1991, 1997). The costs for
most developing countries have been set at a level that
the globally operating companies argue is `above cost'.
The impact of changes in accounting `rates' (the costs
agreed as a result of bilateral negotiations) on market
developments in very poor countries with small potential
telecommunication markets is likely to be very di¡erent
from that in mature industrialised or emerging service-
based economies. For example, both Botswana and
Malaysia have been committed to restructuring their tele-
communication markets, but the latter has much greater
capabilities to build up the services that will generate
network tra¤c revenues (Souter1997).
The argument that revenue generated by international
telecommunication services should not be used to reduce
the costs of local telephone access or use, or to contribute
to general government revenues, has consequences for
developing countries di¡erent from those for industria-
lised countries. In many developing countries few can
a¡ord access to telecommunication services at any econ-
omically justi¢ed price. In the industrialised countries
tari¡rebalancinghas been introducedbefore privatisation
or to encourage competition, but access to telephone
service has been almost universal andwidely a¡ordable.
The limited extent of local networks in many developing
countries means that `their international tra¤c per tele-
phone line is above theworldaverage andtheyare critically
dependent on international tra¤c revenues' (ITU1995b:
29). W|thout alternative means of reducing the cost of
access to the local network for low income customers, a
reduction in international revenue is likely to lead, in the
short term, to higher prices for domestic services and
reduced accessibility. Reduced international service
prices stimulate increased tra¤cand revenue in the indus-
trialised countries and newly industrialising countries,
especially if they have a signi¢cant service sector.
However, the lowest income countries understandably
lack con¢dence that reforms in their countries will have
the same impact.
Thecon¢dence ofdevelopingcountries in theircapacityto
generate investment to reduce the `access gap' is also
undermined by the development of bypass services such
as callbackwhere a company, usually based in the United
States, leases capacity allowing callers to bypass the
domestic switched network infrastructure. Table 8.5
shows the estimated impact of callback. USA Global
Link, one of the callback operators, argues that callback
service provides economic bene¢ts to a developing
country even if its public switched network is bypassed.
These data show that while there are savings for some
customers, there are reductions in revenues for the
national public telecommunication operator. Analysis of
the patterns of call origination would be needed to assess
the overall impact on the economies of developing coun-
tries, but the short term impact on the national operator
that no longer has access to these revenues is substantial.
The introduction of callback and other services as well as
satellite based mobile services that may bypass national
switched networks represents a threat tomany developing
countries and especially the poorest ones.
Some developing countries have argued that the interna-
tionally operating carriers have a responsibility to
promote, or at least not to inhibit, telecommunication
development. However, this argument is di¤cult to
sustain when national operators are ine¤cient when
measured by international benchmark standards. Change
is desperately needed if telecommunication networks are
to support national information infrastructures.
Technical and economic assistance to facilitate alternative
¢nancing arrangements are needed for network develop-
ment. The United States Federal Communications
Table 8.5 -Telephone callback impact
Brazil Kenya Philippines
With call back
%
Without call back
%
With call back
%
Without call back
%
With call back
%
Without call back
%
Revenue to incumbent
operator
22 78 23 77 29 71
Payment to AT&T for
ending the call in the US
0 22 0 23 0 29
USA global link 5 0 14 0 18 0
Local representative
of USA global link
3 0 4 0 5 0
Price difference kept
by customer
70 0 59 0 48 0
100 100 100 100 100 100
Note: Brazil US$ 2.59 vs. US$ 0.79 per minute; Kenya US$ 3.00 vs. US$ 1.24; Philippines US$ 2.10 vs. US$ 1.10
Source: USAGlobal Link data cited inCommunicationsWeek International (1996), 9 April.
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Commission has recognised the need for an adjustment
period.
We ... realize that countries will need time to make the adjust-
ments necessary to introducecompetitive reforms.Wealso recog-
nize additional time may be needed to enable US carriers to
negotiate for lower settlement charges with their foreign corres-
pondents without forcing undue disruption of both parties'
operations. Forexample, carriers inmanydeveloping countries
have signi¢cantly distorted rate schedules involving cross-
subsidies from users of international services to those using
domestic services. These carriers also may have substandard
telecommunications infrastructure, including low levels of
network build out and low levels of network reliability. An
immediate shift to cost-based settlement rates thus could create
adjustment problems for carriers in these countries while they
are trying to rebalance rates and upgrade their network
(Federal CommunicationsCommission1996: 61).
3
Anyperiodofadjustment leavesdevelopingcountrieswith
di¤cult decisions about the time scale of adjustment,
whether negotiations should be conducted bilaterally or
through multilateral agencies like the International
Telecommunication Union, and the criteria that should
be used in negotiations on the costs of service supply.
The World Bank estimates the need for about US$ 40
billionper year to the endof the century for telecommuni-
cation investment in developing countries and US$ 10
billion to US$ 15 billion for the economies in transition.
This represents twice the annual investment over the
period 1990 to 1994. The private sector is expected to
generate about 50 per cent of this total, with internal cash
generation accounting for about 40 per cent. This leaves
about 10 per cent to be funded from o¤cial or other
lending sources (Bond1995).
8.6 Conclusion - Market liberalisation and
institutional reform
Telecommunication development is as important for
developing countries as it is for the industrialised econo-
mies. It is critical to securing inward investment, exploit-
ing the export potential of local businesses, and building
innovative social and economic communities. The
products, services, and models of market organisation in
the industrialised countries are often not responsive to
developing country needs. A low income, low density,
population in central Africa, or a small island state in the
South Paci¢c, will have di¡erent problems, priorities and
market potential than the major telecommunication
markets in the industrialised and newly industrialising
countries. Much greater attention needs to be given to
these di¡erences in the local context (Souter1997).
There is a major requirement for institutional reform in
developingcountries to address information and commu-
nication service market development. Communication
network operators will need to provide high-quality
connectivity for international businesses and low-cost
basic voice telephone services for communities where
most citizenswill notbe able to a¡orda telephone connec-
tion. Innovative models of service provision based on pay
phones or wireless technologies will be needed. The
growth of various forms of arbitrage between countries
will mean that international telecommunication revenues
will not be su¤cient to ¢nance major network develop-
ment and innovative forms of ¢nancing will be called for.
Structural changes through privatisation and/or market
liberalisation will need to be accompanied by managerial
and organisational reforms. Developing countries often
lack the numbers of economists and lawyers required to
participate e¡ectively in the international negotiations
that a¡ect the outcomes in their national markets.There
is a need for skills and training in regulatory reform as
well as in the necessary technological knowledge.
`Access' is neither simple to de¢ne, nor easy to achieve.
National ICT strategies are needed to tackle the new
communication `dualisms'emerging on a global scale and
within countries. Key priorities include measures to
provide answers to such questions as the following.
] Whatmodels of infrastructure and service provisionwill
address the `access gap' in terms of physical access and
a¡ordability? What intermediate models of `universal
access' can be introduced? What innovative pricing
schemes can be introduced to increase a¡ordability?
What priority should be given to access for businesses,
citizens, schools, governments, and public service
providers?
] What are the necessary conditions for access? What
network facilities need to be in place and what are the
technical design alternatives that will respond to user
pro¢les in developing countries?
] What are the su¤cient conditions for access? What
cultural and social features of using communication
servicesneedtobe taken intoaccount?What community
environments are conducive to using telephones or
Internet connections for social or business purposes?
What environments attractwomen rather than men?
] What are the necessary institutional reforms? Political
and administrative reforms to implement e¡ective regu-
lation of imperfect markets are needed. Investors will
want to minimise regulation but they will also seek
market stability in order to protect their investments.
What incentives and regulations will secure investment
that leads to network expansion and modernisation
consistentwith development plans?
Companies operating as private `monopolists'are unlikely
to move to address the new communication `dualisms' in
the absence of institutional reform. Regulation that
focuses on both the economic and social bene¢ts of
improved access is essential. Institutional reform is
mainly concerned with capabilities. Access to communi-
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cation networks will not be meaningful for people whose
education and training does not permit them to use it
e¡ectively. More a¡ordable connections can enable many
new social and business activities, but this is only a small
part of the `knowledge societies' vision.
The vision embraces the hope that the infrastructure will
enable people to creatively combine the new information
available via global and local networks with tacit know-
ledge. As Sam Pitroda has pointed out, the absence of
appropriate institutional reforms can lead to a situation
in which telecommunication investment widens, rather
thancloses,thegapbetweendevelopingand industrialised
countries. Developing countries have often had to
depend on unreliable equipment and ICTs have been
regarded as a luxury (Pitroda 1993). India, for example,
was buying obsolete equipment when the greatest need
was to build up technological capabilities to gain a degree
of technological independence. In the 1990s extended or
`universal' access is being o¡ered as the promise of a
means of achieving a wide range of development goals.
Ful¢lling the promise, however, will require much more
than improved access conditions.
Institutional reform and innovation are needed in the
international governance system that shapes the capacity
of developing countries to build national information
infrastructures. Developments in governance systems
that in£uence the world-wide distribution of capabilities
for producing and using ICTs, and the capacity to build
new capabilities, are addressed inChapter 9 (trade in ICT
equipment and services) and Chapter 10 (protection of
intellectual property, individual privacy, security for inter-
national electronic commerce).
Notes
1 References to developments in ASEAN in the press include
Business Asia (1996); Bright (1996); Chia (1994);
Fluendy (1996); Reid (1996); Skillings (1996); and
Weiss (1995). See also International Telecommunication
Union (1995a); Schenk (1995); and Ure (1995) for
analytical discussions.
2 Observation byM. Jussawalla,Honolulu,Hawaii, 1997.
3 TheUnitedStates instituted an investigation in the light of
estimates of the cost of outpayments for the termination of
international services using the public switched network.
At least three-quarters of theUS$ 5 billion in outpayments
was deemed to be a subsidy from American consumers,
carriers and their shareholders to foreign carriers (Federal
Communications Commission1996).
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8.7 Appendix - Communication infrastructure regulation
Transformations in the economies in transition
Since the beginning of the transition from planned to
market-based economies in 1990 the underdeveloped
and obsolete telecommunication infrastructure has
posed a major problem for countries in transition to inte-
grate with the rest of the world. Increases in tra¤c from
1989 to 1994 (see Table 8.6), could barely be channelled
via traditional networks of the public telecommunication
operators (PTOs).The underdeveloped networks with an
average of 14 main lines per 100 inhabitants throughout
the region, compared to an OECD average of 45 main
lines, have been completely overburdened.
Table 8.6 - Outgoing minutes of telephone traffic from
central and eastern Europe
Million minutes CAGR
1989 1994 1989-1994
Bulgaria 49.8 82.7 75
Poland 73.1 356.6 48
Russia 57.1 229.2 43
Hungary 89.7 236.6 42
Czech Republic 76.5 157.6 37
Romania 23.8 72.1 33
Albania 17.8 21.4 20
Source: ITUSTARSDatabase (1996).
The existingnetworksproducedhighfault ratesbecause of
the worn switching and transmission capacity. In 1994,
around10percentofmain telephone lineswere connected
to a digital exchange as compared to the OECD average
of 50 per cent (ITU STARS Database 1995). Electro-
mechanical switching capacity restricted further expan-
sion and upgrading of public networks. Radical telecom-
munication reforms are required to tackle the crisis in
this region. Long-lived stereotypes are being discarded
concerning the bene¢ts of public monopoly supply and
these countries are introducing competition in network
supply (Sadowski 1996). Although, before the introduc-
tion of competition,monopoly providers in the industria-
lised countries progressively met demand, it is evident
thatevenwith thebesteconomic incentives,a singleprovi-
der will be unable to keep up with escalating demand in
the economies in transition. Evidence is accumulating
that networks have grown faster under competitive
market conditions (OECD 1993c; ITU 1995a). New
market entry also has accelerated the digitalisation of the
telecommunication infrastructure and the need to inter-
connectthenetworksofnewentrantswith the incumbent's
network often requires the digitalisation of switching
capacity. There is evidence too that new entry enlarges
the market for telecommunication services.
Despite the changes several stereotypes are in£uencingthe
market liberalisation process.The task for regulators is a
very di¤cult one. Moving away from a single provider
does not necessarily mean a move to the other extreme.
There is a threat of `cherry-picking', if new entrants
serve only the most pro¢table areas. A variety of
approaches to network access has been used. Monopoly
operators in some countries have been allowed to expand
and modernise the public network in conjunction with
foreign ¢rms that provide capital as well as technological
expertise. In Hungary, the consortium MagyarCom (a
partnership of Deutsche Telekom and Ameritech)
entered into a joint venture with MATAV, the national
operator, in1993 acquiring a 30 per cent minority stake in
the national operator and a dominant position in the
Hungarian market for at least 15 years. In exchange, the
investors promised to increase the number of main lines
by more than 15 per cent a year, pushing the Hungarian
public network to 35 main lines per 100 inhabitants by
1999.
In Poland, the introduction of competition in di¡erent
segments of the telecommunication network began in
January1991. Apart frommonopoly provision of interna-
tional telephone services byTelecomunikacja Polska SA,
the Polish national operator, all other areas of the market
were opened up to competition. Restricted entry based
on thegrantingofa licencewas allowedin the long distance
market and full competition was permitted in local
markets. Since February 1997, the Ministry of Comm-
unications has been discussing interconnection between
private networks. Thus, the mobile telephone provider,
Plus GSM (Global System forMobile communications),
has sought interconnection of its digital mobile network
with theprivate telephonenetworkof the electricity indus-
try and two petrochemical ¢rms for some14,000 subscri-
bers. Plus GSM, a joint venture between Airtouch,
TeleDanmark, aPolish electricity supplier, and two petro-
chemical ¢rms, which has been in the market since 1996,
argues that interconnection would stimulate network
development.
Another factor in£uencing network growth is the tender-
ing procedures employed by national public telecommu-
nication operators. Some countries continue to
underinvest, or invest ine¤ciently, because they have not
employed competitive tendering procedures. In Poland,
in 1993 for example, the Ministry of Communications
granted exclusive rights for telecommunication equip-
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ment supply to three ¢rms: AT&T (in joint venture with
Telfa), Alcatel (with Teletra), and Siemens (with Zwut),
giving rise to fears that supplierswould have the opportu-
nity to overcharge.
Afactor leadingtomore e¤cient investment innetworks is
the use of new digital transmission and switching equip-
ment. In contrast to countries such as Hungary that have
begun to upgrade local loops based on ¢bre optics links,
others, like the Baltic States, have begun to implement
wireless loops which allow installation of basic telephony
at lower investment costs per line (PNE Networks 1993;
Sadowski1996).
The telecommunication tari¡ structure has also hindered
network development. The historical tari¡ structures
proved to be insu¤cient to raise revenues, especially in
countries with high in£ation and weak currencies, such
as theUkraine.Those countries that have sold o¡ parts of
their national telecommunication operators to raise
investment funds, such as the Czech Republic, Hungary,
and Latvia, received a much better price after having
reformed their tari¡ structures (Kelly1995).
In themid1990s, the telecommunication infrastructure in
the countries in transition continues to present a barrier
to providing a basis for catching-up with the western
European countries (Chalmers et al.1996;OECD1994b).
A`catch-up'strategybased on investment in capital inten-
sive and high technology sectors was the optimistic
scenario for further economic growth. This requires
world market integration, increasing foreign investment,
and the adoption of ICTs in o¤ces and throughout the
economy. The existence of only one main telephone line
for a business does not allow the adoption of more
advanced ICTs for o¤ce automation.There are problems,
for example, if fax machines and telephones have to be
operated at the same time.The relatively underdeveloped
andobsolete telecommunication infrastructure continues
to suggest a pessimistic scenario for o¤ce automation
(Radosevic1995).
Nevertheless, there are signs of improvement in the tele-
communication infrastructure. In some countries the
pace of network growth and digitalisation has been
remarkable. In Hungary, for example, digitalisation
increased between 1989 and 1994 from one to 41 per cent
of main lines connected to digital exchanges. The
network in the Czech Republic showed growth from zero
to15 per cent ofmain lines connected to digital exchanges
over the sameperiod.Pro-investment telecommunication
policies could help to close this aspect of the `access gap'.
The impressive growth ¢gures shown inTable 8.7 cannot
disguise an underlying dilemma. The pace of structural
reform has slowed compared to the ¢rst half of the 1990s.
The focus has shifted from reforms such as privatisation
that were `easier' to implement, to more challenging
reforms requiring a longer time to reach completion
(EBRD1996). In the telecommunication area, regulation
must be implemented and enforced, a di¤cult challenge
for all countries. The management of the continuous
implementationof reformswill a¡ect the growthpotential
of the transition economies, and whether policy-makers
and managers in these countries are regarded as having
entered into credible commitments to complete the tele-
communication reforms.
Table 8.7 - Growth in Gross Domestic Product (GDP) in
central and eastern Europe
Growth in GDP
1994
%
1995
%
*1996
%
Czech Republic 2.6 4.8 5.1
Hungary 2.9 1.5 1.5
Poland 5.2 7.0 5.0
Bulgaria 1.8 2.6 -4.0
Romania 3.9 6.9 4.5
Russia -12.6 -4.0 -3.0
Albania 9.4 8.6 5.0
Note: * Estimated by EBRD
Source: EBRD (1996).
Market liberalisation in Latin American countries
Brazil
Telecommunication services are provided by Telebras
through its 28 subsidiaries, - 27 local operators plus the
long-distance carrier Embratel. Telebras is responsible
for overall planning to coordinate the operations of all the
subsidiaries. In December 1996 the Telebras group of
companies had 17.7 million lines, of which 14.9 million
were ¢xed lines and 2.8 million were cellular connections
representing a 91 per cent share of the total of telephone
lines in Brazil (seeTable 8.8). A small percentage is in the
hands of four independent local operators, one of which,
CTBC, is a private-sector company. The average tele-
phonedensity inBrazil in1996was10.2linesper100popu-
lation.
Table 8.8 - Brazil -Telebras performance, 1990, 1996
1990 1996
Conventional telephone main lines 9,300,000 14,900,000
Cellular subscribers 10,000 2,800,000
Public use telephones 227,000 433,000
Digitisation of local lines 13.9% 55%
Employees 93,000 89,000
Localities served 13,900 20,900
Source:Telebras Annual Reports (various years).
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The telecommunication equipment industry included
companies with a combined output of around US$ 5.0
billion in 1995. This is a relatively strong presence
compared with other Latin American countries and the
industryhas capabilities that canmeet international stan-
dards and also adapt products and systems to Brazilian
conditions. The majority of these companies are linked
to, or maintain agreements with, the world's leading
companies facilitating rapid access to the most modern
technology.The public sector accounts for 75 per cent of
industrial production of equipment and the remaining 25
per cent is absorbed by private sector purchases, with a
small proportion of exports.
The structural adjustment plan for theBrazilian economy
includes stabilisation of the currency, attraction of
foreign capital, privatisation of state-owned companies
including telecommunications, and reduction of the
¢scal imbalance. Liberalisation reforms have included a
change in the legal framework in 1995 so that the
BrazilianConstitution no longer prevents private compa-
nies from investing in the basic telecommunication
sector,andmakingchanges aimedat improvingthe techni-
cal and economic performance ofTelebras.
The ¢rst measures were proposed at the beginning of
Fernando Henrique Cardoso's government in 1995. In
August 1995 the government approved an amendment to
the 1988 Constitution abolishing the state monopoly on
telecommunications and this was interpreted as a move
toward the `£exibilisation' of the Telebras monopoly as
distinct from the privatisation or sale of assets.The next
step (passed in July 1996) was a `MinimumLaw'allowing
entry of the private sector into cellular telephony (where
there had been great pressure from the private sector and
substantial unmet demand), and into satellite transmis-
sion, data transmission (for closed user groups), and
value-added services. For three years concessions for
cellular telephony (B-band) are to be granted only to
Brazilian companies in which at least 51 per cent of the
voting capital is directly or indirectly owned by
Brazilians.This limits foreign shareholders to 49 per cent
of voting capital and 83 per cent of total capital.The new
law gives the present concession holders (the public ¢xed
network operators) two years to spin o¡ their analogue
cellular divisions into independent companies which
may then be privatised.
The market structure of cellular private telephony has 10
geographical areas. Concessions were to be auctioned
from April 1997 and many consortia including interna-
tional operators and large Brazilian enterprises have been
formed. Among the foreign players are American and
Canadian operators, such as AT&T, BellSouth, SBC,
AirTouch, CCII, GTE, and Bell Canada; European
companies including Portugal Telecom, FranceTelecom,
STET, Telia, and Mannesmann, and companies from
Asia, such as DDI, Hutchinson, and KMT. The
Brazilian partners in the consortia include large enter-
prises such as banks, andmediumand large size construc-
tion ¢rms.
Atthe endof1996thegovernmentpresentedaBillpropos-
ing a General Law of Telecommunications, including
measures like the establishment of a regulatory o¤ce
(Agencia Brasiliera deTelecomunicac° o
¬
es), a new classi¢-
cation for telecommunication services open to competi-
tion, funding instruments for universal service and
authorisation for the government to merge the 27 operat-
ing companies into regional companies.The government
plans to privatise these regional operators as well as the
long distance and international carrier, Embratel. The
¢nal step will be the opening of the basic services (local
and long distance) to competition, but it has not been
decidedwhen these measures will be implemented.
The preparation for liberalisation and privatisation has
included a far reaching plan, the Program for Recovery
and Expansion of the Telecommunications and Postal
system (PASTE) which aims to generate investment of
US$ 75 billion (from both the public and private sectors).
By the year 2003, PASTE is expected to meet the target
of 40 million main ¢xed lines (with a teledensity of 23.2
lines per 100 population) and 17.2 million subscribers to
cellular telephony. As a result of this plan, service provi-
ders, network operators, and equipment suppliers are
experiencing tremendous growth.
The government also introduced rebalancing of telecom-
munication tari¡s at the end of1995.The basic residential
subscription was increased by 513 per cent, and the price
of a local call metered unit increased by 67 per cent.The
price of the domestic long distance service was raised by
an average of 21.3 per cent. This realignment of public
sector prices began when in£ation was relatively low and
the economy was growing at a relatively slow pace. In
1997 other measures were planned, such as the reduction
of the installation fee (from US$ 1,100 to US$ 400) and
further increases in the tari¡s for local services.The new
tari¡s and expanding markets for services have enabled a
substantial recovery of investment. Compared with the
averageTelebras investments during 1994/95, the growth
in1996was 49 per cent (seeTable 8.9).
Table 8.9 - Brazil -Telebras investment, 1974-1996
Years Average annual investment
US$ billion nominal values*
1974 -1982 1.3
1983-1987 1.1
1988-1993 2.5
1994 -1995 4.5
1996 6.7
Note: *Current values (unadjusted for inflation)
Source:Telebras Annual Reports (various years).
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The following problems are to be expected after
liberalisation.
First, protection for the domestic equipment industry and
the speci¢cation of an adequate mix of local production
and imported goods, may require a new policy to foster
domestic production and indigenous technological devel-
opment. The telecommunication equipment market has
grown since 1994 and, in 1996 alone, the demand for
equipment increased by 43 per cent. However, this boom
is unlikely to last due to the ending of the ¢scal advantages
for domestic production in 1999; the lack of practical
mechanisms in the General Law of Telecommunications
to boost local production; the privatisation of the
Telebras local carriers; the termination of a government
purchase policy aimed at the procurement of equipment
made in Brazil; and decreases in import tari¡s on ¢nal
equipment.
Second, there is a need to establish a reliable regulatory
body that will create con¢dence for private investors and
that is capable of drawing up rules for fair competition,
regulating tari¡s and establishing conditions for universal
service.The establishment of a regulatory body is proble-
matic asBrazilhasnoexperienceofthis typeof governance
structure. The government initially announced that it
would set up an independent body like the United States
Federal Communications Commission but now proposes
to establish an authority subordinate to theTelecommun-
icationMinistry.
W|th regard to the sale of theTelebras companies to inter-
national investors, the governmentwill decidewhether to
look for a good bid or a strategic partner(s). If it is the
latter, technology and capital will be important as well as
whether the company is based in a countrywith reciprocal
relationswith respect to imports and exports. If privatisa-
tion becomes a priority for international investors and
there is no protection for the domestic industry, there
may be losses for Brazilian companies and a decline in
the leading-edge activities of their R&D centres. It is
likely that the large customers will bene¢t once competi-
tion improves qualityand lowers the prices for the services
they use. The decisions of the regulatory body will be
crucial to whether smaller customers bene¢t from the
planned reforms. Until recently government indecision
hasmeant therewas no timetable for the debates and deci-
sions that would enable the technological and economic
objectives of privatisation to be met.
Colombia
Traditionally, telephone services were provided by public
monopoly ¢rms.TELECOM o¡ered national and inter-
national long distance services, while INRAVISION
provided national television broadcasting. Local tele-
phone services were o¡ered by local companies based in
themaincities.After1990,this situationchanged substan-
tially as a result of the privatisation process, leading to
the generation of new value added services and opening
basic services to competition. The Ministry of
Communications is the regulatory body.
The 1995 Telecommunications Development Plan
included measures to address universal coverage of tele-
communications and a Social Telephone Service Pro-
gramme, network investment, and service diversi¢cation.
Investment over the period 1995 to 1998 is estimated at
US$ 4 billion representing net growth of 65 per cent over
1990 to 1994. The pattern of investment is shown in
Table 8.10 indicating the remarkable growth rate in invest-
ment by the private sector investment estimated at 430
per cent over the period.
Table 8.10 - Investment in the telecommunication sector in
Colombia, 1991-1998
Investment
(US$millions)
Growth % of GDP
1991-94 1995-98 % 1991-94 1995-98
Telecommunica-
tion Sector
Total ofwhich:
2,662 4,393 65 1.1 1.5
Public 2,290 2,793 22 1.0 0.9
Private 372 1,600 430 0.2 0.5
Source: Ministry of Communications (1995).
From1995to1998the rate of investment inbasic telephone
service is expected to decrease while investment in long
distance services, social telephone support, and television
is to increase (see Table 8.11). Local telephone service
revenues comprise the main segment of the industry
with a 43 per cent share of total revenues in 1994 of about
US$ 1.4 billion (seeTable 8.12). By the end of1996, 80 per
cent of the domestic long distance network connecting
urban areas was digital with a target of 100 per cent by
1998.The longdistance operator,TELECOM,is develop-
ing a project to install 3,200km of optical ¢bre connecting
26citieswitha¢rstphase tobecompletedin1997intercon-
necting 13 cities and supporting narrow and broadband
services.
At the end of 1995 there were 4.9 million telephone lines
representing a density of 14 lines per 100 inhabitants.
Basic telephone service is provided by over 30 companies
varying in size, coverage, and market.The biggest ¢rm is
ETB (Bogota Telecommunications Company) with 1.8
million lines, while the smallest isTeleobando with only
4,600 lines. The three largest cities account for 65 per
cent of lines, 12.3 per cent are installed in intermediate-
sized cities, and 22.7 per cent in the rest of the country.
This distribution follows the concentration of the popula-
tion in urban areas and the development of industry and
commerce in each city.
Therewas an estimatedunsatis¢eddemandof1.18million
lines (890,000 corresponding to residential users and
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Table 8.12 -Telecommunication revenue by type of service in
Colombia, 1994
Per cent
Local telephone service 43
National long distance 20
International long distance 19
Cellular 12
Other services 6
Total US$ 1.4 billion
Source: Ministry of Communications (1995).
290,000 to commercial and industrial potential users) in
1996 concentrated mainly in the bigger cities and
manufacturing centres. It is expected that the telephone
density will grow to 18 lines per 100 inhabitants by 1998
and 25 lines per 100 inhabitants by 2003. The company
pro¢les of 23 of the largest of the 30 or more operators are
shown inTable 8.13.
By the end of 1996 cellular service operators had 410,256
subscribers, accumulated revenues of nearly US$ 500
million and estimated monthly revenues of US$ 38
million. The service is o¡ered by six private companies
covering three regional cellular telephony territories.
By the end ofAugust1997 an open competitivemarket for
telecommunications was to have been established. As
shown inTable8.12,19per cent ofColombia's telecommu-
nication operator revenues were derived from interna-
tional long distance telecommunication services. Any
change in the international accounting and revenue
sharing apparatus couldhave an impacton these revenues.
Jamaica
The Jamaican Government intends to regulate telecom-
munications within the framework of an across-industry
O¤ce of Utilities Regulation (Girvan 1997). Industry-
speci¢c legislation will grant regulatory powers to the
O¤ce and enable it to grant licences for speci¢c services
(Minister of Public Utilities and Transport 1996).
Regulatory policies have been outlined with respect to
licences, tari¡ setting, interconnection and network
access, and promotion of competition in value added data
services and value added network services. Regulatory
responsibilities will be shared between the O¤ce and the
responsible Minister, who will retain the power to issue
licences.
The evolving regulatory regime is constrained by the
terms of the existing exclusive telephone/telecommunica-
tion licences held by Telecommunications of Jamaica
Ltd, a majority-owned subsidiary of Cable & W|reless.
Table 8.13 - Local telephone operating companies in Colombia
Local telephone service Operators
>200,000 lines
Operators
30,000 - <200.000
Operators
< 30,000 lines
Number of operators 3 8 12
Telephone density within operational area per100 inhabitants
National average = 14.8
22.4 12.5 9.4
% digital equipment and installations
National average = 76.1
68.5 84.7 74.2
Source: Ministry of Communications (1995).
Table 8.11 - Investment by type of service in Colombia, 1995-1998
Service 1995
%
1996*
%
1997*
%
1998*
%
Cumulative
%
Local telephone service 70.9 61.0 56.1 55.7 60.4
Long distance service 13.8 22.1 24.3 24.9 21.6
Value added services 2.5 1.2 1.6 1.0 1.5
Cellular telephone 5.4 4.9 6.5 7.2 6.0
Social telephone service 1.1 5.2 5.1 4.2 4.0
Television 1.6 2.1 2.7 3.1 2.4
Postal service and others 4.8 3.5 3.8 4.1 4.0
Total 100.0 100.0 100.0 100.0 100.0
Note: Estimated *
Source: Ministry of Communications (1995)
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Until the regulatoryo¤ce is establishedpolicy is governed
by agreements reached between the company and the
Jamaican FairTrading Commission and a decision from
the Jamaican Court of Appeal con¢rming that the
company lies within the jurisdiction of the Fair
CompetitionAct.
A former British colony, Jamaica became an independent
state in1962.Under colonial rule regulationwas based on
contract lawanddomestictelephoneandexternal telecom-
munication monopolies operated through licences issued
under theTelephone Act of 1893, and the old Radio and
Telegraph Control Act, which remained in force. Prior to
1987 international telecommunicationwas a monopoly of
JAMINTEL, a joint venture between the Government
ofJamaica andCable&W|reless,while domestic telephone
service was a monopoly of the state-owned Jamaica
Telephone Company. In that year the two companies
merged and Cable &W|reless acquired a majority stake in
the newcompany.Aspart of the agreement, exclusive tele-
phone and telecommunication licences were issued to the
company in1988.
Telecommunications of Jamaica is obliged to provide an
`e¤cient and modern telephone integrated network' and
service to customers on request; to agree minimum stan-
dards of service; and to undertake development
programmes provided that ¢nance is available for such
programmes on reasonable terms. In return the company
acquired a 25-year exclusive franchise for wired telephone
service, renewable for a further 25 years
1
; and is guaran-
teed a net rate of return on shareholders' equity. Public
government services, radio and news agency services do
not fall within the monopoly granted to the company.
Telecommunications of Jamaica's wireless telephony
licence allows it to operate a cellular service on a non-
exclusive basis.The government is committed to honour-
ing the terms of the existing licences by preserving the
company's monopoly rights over domestic and interna-
tional telephone services in any new licences issued
under changed legislation.The companyhas been operat-
ing a de facto monopoly cellular phone service since 1991
and an international call-back service competing with its
¢xed network services.
The company's existing licences contain no explicit obli-
gations or rights with respect to network access and inter-
connection.The Government has declared that its policy
will be to open up to competition in services such as elec-
tronic mail, teletext, videotex, and circuit switched data.
However, the legal power to implement this policy awaits
industry-speci¢c legislation.
2
Legal opportunities to open themarket arose as a result of
proceedings under the Fair Competition Act. In 1994
Infochannel, an Internet service provider, brought a suit
against Telecommunications of Jamaica claiming abuse
of the Company's dominant position.The matter was not
pursued in the Courts but, as part of an agreement with
the Fair Trading Commission to allow connection to its
network of customer-owned equipment, the Company
agreed, subject to certain conditions, to provide circuits
on a commercial basis to customers wanting to provide
value added data services (VADs).
3
Under its existing licences, Telecommunications of
Jamaica is assured of tari¡s su¤cient to generate a mini-
mum net rate of return of 17.5 per cent, and a maximum
of 20 per cent on shareholder equity in its consolidated
operations. Since interconnection issues are not covered
in the existinglicences,price settingdoesnot arise directly
and advanced service providers negotiate interconnection
rates directly with the company.
In the future, theGovernment intends that the regulatory
o¤cewillhave thepower todetermine telecommunication
tari¡s but it is unclear whether the prerogatives of the
Minister will be assumed or whether this implies only an
advisory role. Such regulatory powers cannot at present
be exercised and any changes must await the enactment
of new telecommunications legislation.
In the telecommunication sector, Dunn argues that a
`majorconsequence ofBritish imperialism on the existing
policy and network structure of Caribbean telecommuni-
cations is the region's increasing reliance on external
capital, technology and management expertise' (Dunn
1995: 201).The current development of the infrastructure
maybewideningthedividebetweenrural andurbanpopu-
lations. Some observers have questioned the need for a
monopoly over telecommunication services, arguing that
this hinders the developmentof internal and international
computer-based communications (Girvan 1993). A
competitive framework for non-voice, value added
services is needed as are competitive access prices to tele-
communication facilities and these are not favoured by
the current monopoly situation. It has been suggested
that a stronger regulatory authority will be needed to
divert powers away from theMinistry (Girvan1994b).
Mexico
Themodernisation of the telecommunication infrastruc-
ture began with the installation of digital networks and
the launch of the ¢rst Mexican satellites in 1980s. The
privatisation ofTelefonos deMexico (TELMEX) in1990
was followed in 1997 by the introduction of competition
into all areas of the market (Mexico Poder Ejecutivo
Federal 1996; Mexico Secretary of Communications and
Transport 1995). W|th the TELMEX privatisation, the
company's legal monopoly in domestic and long distance
services and its de facto monopoly in the local service
were maintained until1997.
Oneofthe¢rstmeasures taken inpreparationfor competi-
tion was the approval of new entrants in the `auxiliary'
and new service markets. Concessions for cellular tele-
phone services were also granted. The country was
divided into nine regionswith a duopolymarket structure
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permitting two operators in every region. By1997mobile
services were available in 170 cities with more than
680,000 subscribers. Competitive entry was also
authorised for other mobile services including paging,
messaging, and dispatch services using various
frequencies.
In 1995, the Mexican Executive adopted the Federal
Telecommunications Law establishing a telecommunica-
tion regulatory framework including principles for a
competitive industry. An independent regulatory agency,
the Comision Federal de Telecomunicac° o
¬
es, was estab-
lished to implement the law and promulgate the regula-
tions. The law regulates the use and operation of radio
frequencies, telecommunication networks, and satellite
communication. The goal is to develop and promote
competition to create more diverse and better quality
services at a¡ordable prices.
The lawwidened the scope for private investment includ-
ing foreign investment within speci¢c parameters. The
1993 Foreign Investment Law liberalised restrictions
limiting foreign investment in Mexican companies to 49
per cent, to permit up to 100 per cent foreign ownership
of telecommunication operations including cellular tele-
phony and value added services. However, certain other
broadcast and telecommunication operations, including
basic telephone service, videotex, and packet switched
data service remained limited to 49 per cent, with a 30
per cent investment limit for wireline and 40 per cent for
wireless services.The1995 Law stated that the maximum
49 per cent limit (ownership of the capital stock) applied
to operations that require a concession, andcertain invest-
ments continued to require approval by the National
Commission of Foreign Investment.
Features of the law include the legal authority to imple-
ment rules for interconnection of long distance service
providers with TELMEX; a licensing structure and
auctionprocess fornetworkserviceproviders;a framework
for granting concessions through public bidding to
private companies to build and operate private satellites
and provide satellite services in Mexico using foreign
satellites. However, the control and operations centre for
the satellites must be in Mexico and preferably operated
by Mexican nationals. Procedures for securing rights to
use the radio frequency spectrumbands for radio and tele-
vision programming distribution are subject to Federal
Radio andTelevisionLaw.
The new law also permitted foreign investment up to 49
per cent inMexican holding companies that control geo-
stationary orbital slots, or that use rights to transmit and
receive signals in frequency bands associatedwith foreign
satellite systems. Value added services can be provided
competitively subject only to registration and from 1995
foreign investors have been able to own 100 per cent of a
Mexican enterprise providing value added services in
line with the North American Free Trade Agreement
(NAFTA). Concessions to facilities-based operators
extend over 30 years and may be renewed for an equal
period. No concessions or licences are required to
operate private telecommunication networks unless they
use radio bands and o¡er commercial services to the
public. Concession holders are prohibited from cross-
subsidising services o¡ered by their subsidiaries or a¤li-
ates.Tari¡s are regulated to ensure that each service cate-
gory recovers revenues in line with average long run
incremental costs.
As a result of all these changes, new telecommunication
groups have been attracted by the explosion of the
Mexican long distance market with expected revenues of
US$ 20 billion annually by 2000.
Market liberalisation in India, China, and the
ASEANRegion
India
AstudyteamoftheDepartmentofElectronics onNational
Information Infrastructure of India, in preparation for
the 9
th
Five Year Plan 1997-2002, has stressed that the
administration of the ICTsector lacks a uni¢ed approach
and that plans for literacy, education and commerce must
becloselylinkedto thosefor telecommunicationand infor-
mationtechnology(Ramesam1996).There is a substantial
resource gap and private sector investment is needed.
The Government has agreed to phase out its monopoly
and other restrictions on competitive entry by 2004, in
line with the World Trade Organization agreement on
basic telecommunication services signed during1997.
A Centre for the Development of Telematics (C-DOT)
was established by the Government in 1984 as the
premier R&D organisation for domestic and some
foreign manufacturers of telecommunication and tele-
matics equipment. By 1994 a National Telecommunica-
tions Policy was announced by the Department of
Telecomm-unications (DoT) which maintains the
government monopoly on long distance telecommunica-
tion services. The aim is to achieve bene¢ts for basic
service users and a wider choice of equipment.There has
been criticism of the DoT's role as policy-maker, owner,
and price setter (Ramesam 1996). The National
Telecommunication Policy of 1994 gives highest priority
to the development of telecommunication services as
part of its economic policy, through foreign direct invest-
ment and domestic investment (Petrazzini and
Harindranath1996; Ramanujam1996).The overall strat-
egy is to achieve market liberalisation, global integration,
andmarket-driven growth.
Guidelines for screening foreign equity proposals by the
Foreign Investment Promotion Board were issued by the
Industry Minister in January 1997 and foreign direct
investment is permitted for equity shares up to 49 per
cent without government approval (Nicholson 1997).
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TheDoTinitiated an agreement on funding for basic tele-
communication projects to ensure payment of telecom-
munication operator debts to ¢nancial institutions
(Anand 1997; Nicholson 1997). The present regulatory
process is complex involving the Ministry of
Communications, theTelecommunication Commission,
the DoT, the Prime Minister's O¤ce, the Ministry of
Finance, and the Congress, but a Telecom Regulatory
Authority of India (TRAI) is now being established
(Banerjee andBhattacharya1996).
In 1994 the telephone density in India was about 0.8 tele-
phones per 100 inhabitants; lower than China, Pakistan,
andMalaysia.There was awaiting list of about 2.5million
people and only a very small proportion of villages were
connected to the network. The passage of the
Telecommunication Regulatory Authority Bill by the
Indian Parliament in March 1997 was intended to
improve the ruralnetwork,butthemainactivity is directed
at the urban centres to provide a wide range of services to
industry (Agarwal 1996a,b,c). For people who can a¡ord
cellular telephones and telephones located on long
distance trains, new services are available. For example, a
traveller intending to make a standard rate call within the
country is charged Rs 126 per minute and Rs 162 per
minute for an international call using a satellite service.
V|desh Sanchar Nigam (Overseas Telecommunications
Corporation) Ltd collects Rs120 and150, respectively, for
these calls.
While these new services are being introduced, the role of
government continues to be debated. The long waiting
list for telephone services, and investor interest in the tele-
communication sector, have led to changes in some
service tari¡s. Rebalancing is bringing reduced prices for
long distance users but increases in application fees and
metered local service calls mean that some more sections
of society are opting out of the race to subscribe. More
advanced networks for data communication are provided
by the National Informatics Centre Network (NICNET)
supporting computing and two-way data communica-
tions for government departments and related agencies
using satellite earth stations; and INONET, a data
network established and maintained by CMC Ltd and
theEducational andResearchNetwork(ERNET)provid-
ing computer communications to India's academic and
research community.
In rural areas, public access depends on the availability of
Figure 8.1 - Optical fibre infrastructure across China
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public telephones. In 1997 there were 249,000 village
public telephones of which it was estimated that 11,264
are out of order at any given time. Companies are bidding
to provide new services in various parts of the country.
The business community is arguing for improved
Internet services and by the ¢rst quarter of 1997 there
were 28,000 subscribers to access services with growth to
200,000 subscribers forecast by the end of the year.
Although their numbers are small compared to the
millions of Internetusersworld-wide, their role is in£uen-
tial in setting the national information infrastructure
agenda in India.
China
China has made major e¡orts to build up of its national
information infrastructure and it is now ranked among
the top ten countries in the world in terms of total
number of telephones (Pare
¨
1995; Gu and Steinmueller
1998 forthcoming). The telecommunication sector has
been enjoying 40 to 50 per cent annual growth rates since
1989 (CMS1996).
Rapid expansion has been spurred on by additions to the
Chinese infrastructure of more than10million telephone
lines to the public telephone network each year, resulting
in a teledensity increase to 6.2 per cent in 1996, up from
1.1 per cent in 1990. The personal computer market has
also been growing and in1996 about1.6 million PCs were
sold, a 40 per cent increase over 1995. Of the 1.6 million
PCs, 20percentwere purchasedby residential consumers
and a 50 per cent increase in sales was projected for1997.
Some128,000kmofoptical ¢bre cables, supplementedby
large satellite earth stations in almost every provincial
capital, have been added to transform some parts of
China into a well-connected nation with a sophisticated
infrastructure (see Figure 8.1). Nevertheless, demand
cannot be met and the national telephone installation
waiting list which reached 5 million in October 1994 has
been increasing.
The ¢bre optic network will link the eastern provinces
where the population densities are highest. The goal in
the 7
th
Five Year Plan is to complete seven million kilo-
metres annually of ¢bre using Synchronous Digital
Hierarchy (SDH) technology.
7
There is also investment
in domestic SDH manufacturing capability. Submarine
¢bre optic cables through a joint venture with Cable &
W|reless will support a China-United Kingdom sub-
marine system, 51 per cent owned by China's MPT
(other links withThailand,V|et Nam and Hong Kong are
being established).
In addition,China has `leap-frogged' into cellular techno-
logy in its urban centres and provincial towns. In 1994,
China Unicom (LianTong) was licensed to compete
directly with MPT in local and long-distance as well as
mobile services creating a duopoly supply structure. In
1997 there were 15 million pagers and imports of one
million each year from companies including Ericsson,
Nokia, Motorola and Nortel. Cellular services were set
up to provide competition with MPT.Three Ministries,
Power, Electronics and Transportation, in China set up
Unicom (Lian Tong) as a cellular mobile service. In
Guangdong province, 1.4 million subscribers are
equipped with analogue cellular phones and 1.2 million
with digital GSM cell phones. CT2 or one-way telepoint
phones are competing with public call o¤ces in this
region and are being deployedwith pagers.
To further the development of the national information
infrastructure, the government has launched a series of
`Golden Projects' (d'Orville1996).Three of these projects
are supporting networks linking government ministries,
sta¡ organisations, companies, and the public (Golden
Bridge), improving clearance of goods by upgrading
customs service communication using a private data
network (Golden Customs), and developing the banking,
credit and debit card system (Golden Card). These
networks are supported by the public X.25 network
(Chinapac), a digital leased line network (ChinaDDN),
andvarious private data networks using satellite networks.
Implementation of Frame Relay and ATM networks is
being planned.
In May 1994, the High Energy Physics Institute of the
Chinese Academy of Science became the ¢rst user to
access the Internet via Japan. Since then, users in China
have increased eightfold and byMarch1997 there were12
main networks connected to the Internet, 50,000 users,
and6,000PCswith access to the Internet.These networks
are mainly set up by government, research and education
institutions and the Ministry of Electronic Industry
(MEI), the State Education Commission (SEC), the
Chinese Academy of Science (CAS), and MPT have
been authorised since 1996 to connect their networks to
the Internet. Any domestic organisation, after minimum
background screening, can obtain an Internet Service
Provider licence by interconnecting with, or by leasing
facilities from, one of the four agency networks.
Reform of the industry structure to accommodate the
planned information superhighway has been under
consideration by a high level group, the State Council's
Leading Group of Economic Informatization, since 1996
(Tan1995;Mueller andDougan1993). In the telecommu-
nication regulatory¢eld, although the sector is dominated
by the MPT, separation of regulatory functions from
service provision is in process.Most value added services
were opened to domestic competition in 1993. It was
expected that a new telecommunication law would be
passed at the end of 1997, but it was doubtful whether it
would be on schedule.
The major challenges for China are associated with soft-
ware and the need for e¡ective policy and regulation.
Decisions will be needed about the extent to which the
MPT's regulatory functions are to be separated from
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service operation; how to open the basic telecommunica-
tion service market to competition and whether to main-
tain a duopoly; and whether the service sector should
remain closed to foreign investment. Isolation from the
global community could prevent the country from
gaining access to advanced technology and management
skills as well as to foreign investment. Indirect investment
in the service sector by sharing revenues with external
operators is allowed, although involvement in operation
andmanagement is prohibited.
The emergence of `communication dualisms' will also
need to be addressed. In 1996, the telephone penetration
rate had reached 22 main telephones per 100 inhabitants
in the cities. But, the nation wide ¢gure was only 6.2 per
cent.There are computers in 5 per cent of households in
the cities while the national average is only 2 per cent.
Interconnecting cities is a policy priority but this leaves
the rural areas unconnected. Although there have been
discussions about a universal telecommunication service
policy, nothing has been implemented. A major question
is whether current investment strategies will create new
access disparities.
Existing disparities or `dualisms' are a re£ection of the
government's development strategy. Dualistic growth is
considered to be a transitory phase rather than a develop-
ment `problem'. Given the coastal region's superiority
over inland areas in terms of infrastructure, capital, tech-
nical levels,management skill, and general economic e¤-
ciency, the policy holds that the development strategy
should focus on providing this region with adequate
levels of capital, energy, and foreign currency. Once this
region has become su¤ciently developed, greater atten-
tion would be paid to the central and western regions.
The recent Internet explosion in China re£ects the same
dualistic pattern with the greatest number of paying
customers being in Beijing,Guangdong, and Shanghai.
The establishment of new telecommunication services is
largely a business phenomenon. The majority of new
systems has been installed in government agencies, insti-
tutions, and/or cooperatives. Administrative and ¢scal
reforms since the early 1980s have enabled the pursuit of
provincial, local, and private interests at the lower levels
in the telecommunications hierarchy. Local interests are
increasingly playing a greater role than national actors in
promoting network expansion.
5
Decentralisation of
decision-making enables users to `co-invest' in the tele-
communication network (Gu and Steinmueller 1998
forthcoming).
Various Provincial Telecommunications Authorities
(PTA) and Provincial Telecommunications Bureaux
(PTB) are responsible for local infrastructure develop-
ment. These units have been encouraged to seek invest-
ment from local governments and other local interests,
and have been permitted to retain a percentage of the
revenues they generate for reinvestment. The initial aim
of this policy was to increase the speed of development of
local networks, but the result is that the poorer areas have
had to make do without telephone services or with
cheaper and more rudimentary forms of technology.The
wealthier coastal regions and the urban centres have
improved access to more advanced technologies. This
approach is exacerbating intra-regional di¡erences in the
penetration rates of telecommunication services, as well
as laying the foundation for the possible emergence of
new forms of social and economic strati¢cation.
Decentralisation is resulting inamultitude of regional and
local models.The lack of a clear vision regarding how the
expansion of telecommunication services should proceed
may be signi¢cantly impeding central government's
ability to e¡ectively shape the direction of infrastructure
expansion. The sector is experiencing both inter- and
intra-ministerial con£icts, notably between theMPTand
the MEI which has a stake in both Unicom and Jitong,
MPT's state sanctioned competitors. Incompatible
networks,congestionon the existingpublic telecommuni-
cation network, long waiting periods for telephone
service, high connection fees, and disparities both
between andwithin regions continue to persist.
Stakeholders in the Asia Pacific region
Throughout theAsia Paci¢c region government-business
partnerships and regional business networks are being
encouraged to stimulate investment in the regional
National Information Infrastructure. This has led to
major changes in theworld aswemove to the next millen-
nium (Naisbitt 1996). Examples of the new business
networks include an alliance between a Southeast Asian
carrier, ACASIA Communications, and Infonet of the
United States to extend network services world-wide; a
Japanese Asia Internet Interconnect Initiative aimed at
providing network access through an international satel-
lite link with Indonesia; Telekom Malaysia is leading a
new cable network being established in the region;
Singapore'sTrade and Development Board and National
Computer Board have established a Multimedia
Interactive Group comprised of both public and private
organisations; and Indonesia,Malaysia, andThailand are
considering an international Special Telecommunica-
tions Zone (STZ) to attract private sector involvement.
Singapore and Malaysia are strongly positioned to in£u-
ence regional developments while Thailand, Indonesia,
the Philippines, andV|etNamhave tended to concentrate
their e¡orts at the domestic level. Table 8.14 highlights
the range of inward investors to the region that are striking
alliances and partnerships to build the new infrastruc-
tures.
Optical Fibre Submarine systems are weaving a web of
communications for the Paci¢c Rim countries with the
expectation of lower prices for international direct dial-
ling.There are fourTransPaci¢c Cables (TPCs) operating
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at full capacity,TPC5 is 90per cent subscribed, andTPC6
will be installed by the end of 1998.These cables link the
west coast of the United States with Japan, the
Philippines, Guam, and Hawaii. AT&T is investing US$
1billion in a ¢bre submarine pathway to linkOregonwith
California, Hawaii, Guam, and Japan. Another US$ 1
billion involves AT&T in the Asia Paci¢c Cable linking11
Asian countries and territories including Taiwan (Pr.
China) and the Republic of Korea. Southeast Asia is
linked to Tokyo by Worldsource and Singapore has two
cables linking it with Marseilles through the
Mediterranean with a third being installed linking
Singapore with Shanghai. FLAG (Fibre LinkAround the
Globe) involves a large investment by NYNEX and
others connecting 12 countries including the United
Kingdom and Japan.
Mobile communication technologies are expected to attract
some US$ 2.6 billion in new systems in the Asia Paci¢c
Table 8.14 - Regional alliances in the Asia Pacific region
TelecomOperator Venture Country Investment
FranceTelecom LianTong China GSM network inGuangdong
Nynex RelianceTelecom India 10% stake in cellular
First Pacific EscortsMobile
Communications
India 49% cellular operation
HutchisonTelecom HutchisonMax India Mumbai Cellular JV
Shinawatra HFCL India Fixed networkwith JFCL/Bezeq
Telstra Modi Telstra India Cellular joint venture
USWest USWest BPL India 49% in cellular operation
Distacom Modicom India Cellular joint venture withMotorola
PTT Telecom, NL PTTelkomsat Indonesia 17.3%;GSMoperator
Nynex PT Excelcomindo Indonesia 23%;GSM operator
DeTeMobil Satelindo Indonesia 25%;GSM and int. gateway
Cable &Wireless PTDayaMitra Indonesia KSO consortium
SingTel PT Bukaka SingTel Int. Indonesia KSO consortium
Telstra PTMitra Global Telekomunikasi Indonesia KSO consortium
USWest PTAriaWest Indonesia KSO consortium
FranceTelecom PT Pramindo Iket Nusantaro Indonesia KSO consortium
USWest Bianariang Malaysia 20% stake in full service network
DeutscheTelekom TRI Malaysia 23% stake in cellular/international franchise
PTTTelecom Swis Mutiara Malaysia 30% stake in PCN/international operation
TelekomMalaysia MRCB Malaysia Acquired PCN operation
BT Clear NewZealand 25% stake
Shinawatra Isiacom Philippines Cellular network
NTT Smart Philippines 12% stake in full service network
Cable &Wireless/
HongKongTelecom
MobileOne Asia Singapore 30%; 2nd mobile network & paging
HutchisonTelecom IntraPage Singapore 40% of paging operation
HongKongTelecom TTNS Taiwan (Pr. China) 26% in 2
nd
network
DeutscheTelekom Shinawatra International Thailand Stake in international operations
Telstra DGPT Viet Nam BCC contracts for international and possibly fixed network
Source: Compiled byM. Jussawalla, Institute of Culture and Communication, East-West Center, Honolulu, Hawaii, 1997.
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region by the turn of the century (Euroconsult1995).The
costs of equipment and air time are higher than terrestrial
services, and farmers in China, India, and Indonesia
prefer to use CT2 mobile systems supplied by Motorola
for one-way communication. The expansion of cellular
markets is enormous in Malaysia, Singapore, China, the
Philippines, and Thailand. In Thailand, Singapore, and
Malaysia there is an installed base for GSM standard
equipment even though Japan and Korea are pushing for
di¡erent standards. Singapore has invested US$ 150
million to supply Personal Communication Networks to
160,000 subscribers using a network installed by Nortel
with over100base stationsproviding95percent coverage.
Indonesia is reviewing tari¡s to make use of cellular tele-
phones more economical for users and removing the 25
per cent import duty on cellular equipment. InMalaysia,
the Chase Manhattan Bank is leading a consortium of
¢nanciers to advance a loan of US$ 667 million to
Celcom, the largest cellular telephone company.
Satellites transcendnationalboundaries andprovide a cost
e¡ective `ramp' to the global information infrastructure
(Jussawalla1995a).In1991Indonesiaprivatisedits satellite
services and created a commercial company, Palapa
Paci¢k Nusantra, in an orbit with coverage for Hawaii
and the Paci¢c Islands. Its orbital location was contested
byTongasat and after a bitter dispute ending in arbitration
by the International Telecommunication Union, the
Palapa satellite was moved to the east. Since then satellite
wars have erupted in the Paci¢c because of the lucrative
business opportunities for providing data and television
programmes. The reason for the boom in the satellite
market is the exponential growth of tra¤c levels over the
Paci¢c Ocean Region, despite the submarine ¢bre optic
cables. Parking places in geosynchronous orbit have
become contentious between countries in the Asia Paci¢c
along with the push from private suppliers like
PanAmSat, Asiasat, and APstar (Jussawalla 1994).
PanAmSat is the ¢rst foreign privately owned satellite to
have landing rights inChina, India, and Japan.The distri-
bution of transponder capacity world-wide is shown in
Figure 8.2 illustrating that new systems have a small
share of capacity relative to Intelsat and the other top
four players.
As satellite technology advances into the higherKU band
of the radio spectrum, the Southeast Asian countries are
moving to use the newer systems. Hughes is providing
Indonesia with the Direct Broadcast Satellite 601 type
satellite for digital video and audio broadcasts. Another
new satellite launched for Indonesia is the Garuda. Built
by Lockheed Martin, it has a footprint covering parts of
Australia. Tongasat had obtained permission for the use
of six orbital slots over the Paci¢c Ocean but Tongasat
was sued in the US courts over its use of orbital slots. In
1991 Malaysia introduced its own domestic satellite
system and selected Benariang, a small telecommunica-
tion service provider, to operate it. The system is called
Measat (Malaysian East Asian Satellite). The company
advanced US$ 118 million to Hughes to construct the
¢rst space segment which was launched in January 1996.
USWest has investedUS$ 1.8 billion in this venture.
The United States, with a population of 250 million, has
access to 750 satellite transponders now in use while
China with 1.5 billion people has access to only 15 trans-
ponders. Despite growing demand, one of the most
successful commercial satellite operators in the region,
Asiasat, experiencing losses. The causes may be market
Others 8.9%
SES LUX 1.8%
Asiasat Hong Kong 1.8%
Satelindo Indonesia 1.9%
DOS India 2.0%
Embratel BRA 2.1%
JSS Japan 2.2%
RSCC Russia 2.3%
Optus AUS 2.3%
France Telecom FR 2.4%
SCC Japan 2.7%
AT&T Skynet US 3.0%
Telesat CAN 3.5%
Telecom de Mexico 4.5%
Eutelsat 4.5%
PanAmSat 4.6%
Intelsat 37.6%
GE Americom US 7.3%
HCI US 5.7%
Figure 8.2 -Transponder capacity via satellite
Note:Total transponders = 3,771
Source:World Satellite Communications and BroadcastingMarket Survey in CommunicationsWeek International (1996), 10 December
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saturation andcultural and linguisticdiversitywhichdeter
growth in advertising revenues. Neverthe-less, Rupert
Murdoch's Asiasat is trying to gain a foothold in the vast
Chinese market.When Asiasat I was launched in 1990, it
¢lled a vacuum for high powered television distribution,
telephony, and VSAT networks. It was the ¢rst privately
owned satellite in Asia. It is estimated that by the year
2000,Asiawill have1,000new transponders for television
and telephone usage. A Japanese satellite system
announced in September 1996 as JCSAT 5 will be able to
broadcast to Asia and Hawaii with a new satellite built by
Hughes Space andCommunications.
Very Small Aperture Terminals (VSATs) are expected to
growbyafactorof tenbytheyear2000.China's investment
in VSATs and satellites will grow from US$ 1 billion in
1994 to US$ 2 billion by 2000 according to the Chinese
Academy of Satellite Technology (CAST). VSATs adapt
to di¡erent environments. For example, Russia's Savings
Bank has contracted with AT&T Tridom to install two-
way communication using VSATs between the head
o¤ce of the bank in Moscow and its branches in other
cities. China's use of VSATs is tied to its investment in
Asiasat and in another private consortium,APstar, which
has so far launched two satellites both of which failed.
The greatest bene¢ciary of China's demand for satellites
is Hughes although LockheedMartin and Space Systems
Loral also manufacture satellites for China. There is a
private satellite company in China called Sinosat which
has commissioned its satellites from Daimler Benz
Aerospacewithwhomtheyhave a jointventure agreement
(Jussawalla1995b).
Until1994 therewere three regional satellites in thePaci¢c
region - Intelsat, Palapa, and Asiasat. In 1995 these were
joined by Thaicom, APstar and PanAmSat. Intelsat's
launch of its 708 series was aborted within 20 seconds of
the launch by Long March in 1996. Direct to Home
(DTH) satellites are becoming very popular in the
region. Along with Indonesia's Garuda, another ten such
satellites will be launched in the region within the next
¢ve years. Both the Republic of Korea and Thailand have
their own systems.
Low Earth Orbiting Satellite (LEOS) operators are nego-
tiating access to provide services. In China Globalstar
hopes to provide services to remote areas including
Ulanbator in Mongolia. China has a large investment in
the Iridium system. Other Asian countries that have
made investments in Iridium are Japan, Thailand,
Singapore, India and Indonesia. China has contracted six
launches for the Iridium satellites from the Taiyuan
launchcentre. IridiumChinaLimitedhas its headquarters
inHongKong and is owned byChinaAerospace.
Notes
1 Unless the government opts to acquire the companyafter the
¢rst 25 years.
2 The features covered in monopoly apply to call forwarding,
facsimile, and telex.
3 Agreement between the Fair Trading Commission and
Telecommunications of JamaicaLtd, 21December1994.
4 The 7
th
FiveYear Plan identi¢ed the development of tele-
communications as a national priority.
5 SeeRehakandWang (1996);Triolo andLovelock (1996);
Wang (1996b);Wu (1996).
178
9. Friend or foe? Developing countries and the international
governance system
9.1 Introduction - Governance regimes
for ICTs
Alargenumberof institutions andgovernance regimes are
in£uencingthe emergence of the global information infra-
structure (GII) and national and regional information
infrastructures around the world. Some of these
institutions have a longhistoryof involvement in telecom-
munication supply or the protection of information.The
participants in these institutions are ¢nding it necessary
to adapt to rapid changes in global and national markets.
Other institutions are relatively new and are introducing
new rules, regulations, andprocedures that set the frame-
work for the dynamic between competition and coopera-
tion as ICT markets evolve. Historically, many of these
institutions included only national government represen-
tatives. Today, however, the private sector is increasingly
represented in the memberships of these institutions and
is able to in£uence their decisions.
The growing importance of the market as an institutional
mechanism that in£uences the production and consump-
tion of information and ICT hardware and software
means that the governance systems operatingona regional
or global scale need to be very closely coordinated with
the evolving structure of national, regional, and interna-
tional markets. Governance systems involve the exercise
of power and, in many cases, sovereignty. They also
involve the maintenance of a bureaucratic and technical
apparatus. Governance processes can enable as well as
constrain new developments. Governance involves the
application of rules in order to in£uence action.
Governance of science and technology, and especially of
ICTs, is the institutional dynamic that leads to the crea-
tion, exploitation, and control of technology.
1
Institutional instruments include laws, regulations, trea-
ties, conventions, codes of practice, and standards. The
governance problems in science and technology are
becoming increasingly international, and the institutional
structures of governance are acquiring an internal focus
that embraces the industrialised and developing coun-
tries. Governance processes are usually understood to
involve trade-o¡s andpriorities inorder to reduce tensions
and to secure economic gains. Frequently, the discussion
of international governance is con¢ned to international
institutions or `state actors' taking no account of all the
regional,national, andsub-national institutions and orga-
nisations with which the international institutions inter-
act. In the ICT sector, this interaction is crucial to the
outcomes in the market and for the producers and users
of ICTapplications. National and regional ICTstrategies
can be most e¡ective if they take into account, and seek to
in£uence, thegovernance regimes that are emerging inter-
nationally.
Governance regimes emerge as a result ofshared ideas and
discourses orways of describing developments in techno-
logy and society. Governance is important in terms of
understanding where the power to de¢ne problem areas
for international governance regimes is located.
Governance regimes are also culture speci¢c and not all
systemsworkin thesameway.Someoperate ina con£ictual
manner while others operate by consensus. Di¡ering
cultural perceptions can become destabilising factors in
the formationandapplicationof international governance
regimes.The implementation of governance decisions is
as important as the decisions themselves. For example,
decisions may be made that cannot be implemented or
enforced because of cost or di¡erent perceptions of what
the agreed rules mean. All governance decisions incorpo-
rate some degree of risk.This can have signi¢cant e¡ects
uponpublic andprivate investmenttrajectories in research
leading to technical innovations, the commercialisation
of innovative products and services, and the emergence
of capabilities needed to use technology e¡ectively.
In the ICTsector, the speed of technological innovation is
making it di¤cult for international governance systems
to work e¡ectively and there are some observers who
suggest that government institutions in the ICT sector
have a declining role to play (Wriston 1992). Anthony
Rutkowski's long association with the communication
industry, both at the International Telecommunication
Union and in the private sector, has led him to suggest
that although the relative importance of the International
Telecommunication Union is declining while that of the
World Trade Organization (WTO) is rising, for example,
there are even bigger changes taking place. In general,`it
is private telecommunications providers themselves that
are most responsible for shaping the direction and laying
the groundwork for the provision of such services ...
these providers are inventing new forms and forums for
international cooperation that are more agile, far faster
and more focused on immediate needs than those of the
past' (Rutkowski1995: 234).
Others argue that governments and governance institu-
tions with public representatives and often those from
the private sector, have a very important role to play in
establishing the `rules of the game' for international and
national markets (Hirst and Thompson 1996). In the
ICT¢eld, the development of global networking capabil-
ities depends on the working out of complex administra-
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tive agreements at national, and regional, and inter-
national levels. The workings of governance regimes can
in£uence the dynamics of decision- and rule-making
(technologychoice andappraisal, thedynamics ofnegotia-
tion processes and their outcomes), regulation (as a
market tool, setting up of a public authority to regulate),
the formation of powerful networks leading to technology
agreements and treaties (a¡ecting whether innovative
capabilities can be built up), the sociopolitical impact of
technical change(that is,patterns of trade inICTproducts
and services), and issues related to productivity such as
whether the promise of technologies is ful¢lled in terms
ofwhat theydeliver for employment and the quality of life.
Issues ofgovernance and`governability' in theICTarea are
very closely associated with the recognition that `know-
ledge, more than ever, is power.The one country that can
best lead the information revolutionwill bemore powerful
than any other' (Nye and Owens 1996: 20). This view of
the ascendancy of the power of one country over another
through competition stands in contrast to the view which
regards knowledge and the GII as creating opportunities
for using ICTs to contribute to a more equitable distribu-
tion of wealth andwell being. For example, United States
V|ce-President Al Gore has promoted the GII in the
following way.
Let us build a global community in which the people of neigh-
bouring countries view each other not as potential enemies, but
as potential partners, as members of the same family in the
vast, increasingly interconnected human family ... We view
technology not as an end in itself but as the means through
which the GII can realise its potential to improve the well-
being of all people on this planet (Brown et al.1995:1, 2).
Questions about the role and e¡ectiveness of government,
and governance regimes, and particularly at the state or
national levels are important for development and the
role of ICTs. The World Bank's (1997: i) focus on `what
the state should do, how it should do it, and how it can do
it better in a rapidly changing world' is linked directly to
issues of power, resources, and capabilities. The Bank's
World Development report for 1997 also recognises the
important role of international institutions in coordinat-
ing the actions of national and regional governments.
These institutions embody the norms and rules that are
shaping the landscape of the markets for ICTs. Capability
in this context means the ability of state institutions to
`undertake and promote collective actions The state's
potential to leverage, promote, and mediate change in
pursuit of collective ends is unmatched.Where this capa-
city has been used well, economies have £ourished. But
where it has not, development has hit a brickwall' (World
Bank1997: 3, 157).
Stakeholders in the ICT sector have di¡erent views on
appropriate national and international governance solu-
tions (see Table 9.1). International governance regimes
a¡ect telecommunication and information technology
equipment di¡usion and the distribution of producer and
user capabilities (for example, trade barriers and market
access rules), regulations for telecommunication network
andservice supply(international service supply, standards
agreements for interconnection of networks and terminal
equipment). These aspects of international governance
are discussed in this chapter. Other aspects of governance
are considered in Chapter 10, including the conventions
and agreements that set rules for intellectual property
protection, implementation of security for electronic
commerce transactions, and protection for the privacy of
individuals andthe social communitieswhouse electronic
networks. Table 9.1 shows that in each of these areas,
there are di¡erent views on the appropriate governance
solutions.
The global environment in which the international
governance regimes for ICTs operate could become more
inclusive, open, and enabling over the next decades, or it
could become more exclusive, closed, and restrictive.
Decisions with respect to governance issues illustrated in
Table 9.1 will in£uence the outcomes in the global
market. If the international environment becomes more
open and enabling, there will be opportunities to use
ICTs to reduce the growing gaps between the industria-
lised and the wealthier developing countries, and the rest
of the developing world.
The impact of international governance regimes on ICTs
capabilities is not a one-way street from the international
to the regional, national, or sub-regional. National or
regional initiatives can make a substantial di¡erence to
the outcomes depending on whether there is a proactive
or reactive strategic response to ICTdevelopment, acqui-
sition, and use. A report on the scenarios developed by
members of the UNCSTD Working Group on IT and
Development puts the di¡erences betweenmore optimis-
tic and pessimistic scenarios this way.
The global communityhas twovalue systems jostling forpower.
One is inclusive, open, and enablingwith solid attempts to inte-
grate the weakand disadvantaged.The other is exclusive, frac-
tured, restrictive, a Darwinian world, red in tooth and claw,
dominated by the strong and powerful for their own ends, with
increasing concentrations of technology, wealth, and power
and little regard for those left behind. The di¡erence is not
simply one between private and public. It is more the di¡erence
between cooperation and exploitation.
In turn, national responses range from beingcompleteand posi-
tive to being partial, disengaged, and reactive. Some countries
have ambitions to learn and create strong policies at home and
take a full part in global debates and negotiations. Some want
to respond but lack the resources. Others are unresponsive to the
challenge. Again, this need not be a split between government
and the private sector. Governments must lead, but the whole
country must learn. It is also important to realize that being
active does not necessarily mean being controlling. And doing
nothing is just as much a policy as doing something, except that
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doing nothing often precludes learning. Most people, and most
organizations, learn from their mistakes (Howkins and
Valantin1997: 25-26).
Section 9.2 looks at the types of international and regional
institutions that are playing a role in the restructuring of
governance for the ICT sector. Section 9.3 turns to the
global information infrastructure visions that are spawn-
ing initiatives to liberalisemarkets andinvest in infrastruc-
ture and services in developing countries.The impact of
changes in the ICTgovernance system on the least devel-
oped countries is discussed in section 9.4, followed by a
consideration of the tensions involved in strategies to
open markets while, at the same time, retaining some
control over developments in national or regional
markets. The ¢nal section (9.5), assesses the likelihood
that the governance systemwill promote greater equity in
the emergent economic and social orders.
9.2 Institutions governing ICTs
In today's international governance system any country
thattries to strengthen itsnational information infrastruc-
ture must do so in close interdependence with the global
environment. The representatives of governments and
the private sectors of developing countries are ¢nding it
necessary to negotiate with an increasingly wide range of
in£uential international institutions. These institutions
in£uence ICTinvestment andproducer anduser capabil-
ities.Theyincludeprivate andpublicbanks,regional satel-
lite services supply bodies, international regulatory
Table 9.1 - Policy and strategic action to benefit from ICTuse
Issue Computing/software and
information service providing
companies
Most communication network
operators, larger media
companies and publishers
Smaller public and private
sector ICTusers - `virtual
communities'
Technology diffusion;
distribution of producer and
user capabilities
Available solutions are inadequate
for the challenges of the innov-
ative `knowledge societies'. New
user interfaces are the key to
future developments.The
infrastructure should provide
`pipes' for delivering information
services.
The path to `knowledge societies'
requires coordinated infra-
structure development with
network interoperability and
incentives to generate new
information/ programme
content.
The necessary computing tools
for implementing the innovative
`knowledge societies'are here now.
However, telecommunication
access must improve. Emphasis
should be on user awareness and
skills acquisition.
Regulation and ICT policy Regulators need to prevent
infrastructure suppliers from
erecting entry barriers and to
implement liberal
interconnection policies.
Regulators need to ensure that
globally competitive companies
have the opportunity to construct
the GII.
Governments can play a role in
ensuring that investment is made
in a common national
information infrastructure.
Standards measures The market is moving too fast for
de jure standards formation.De
facto standards will emerge and
address user needs.
Carefully thought out de jure
standards in some areas are
needed for an integrated and
interoperable user environment.
In other areas, market
competition and market led
standards should prevail.
The standards that are needed
will be chosen by the user
community from a mix of public
and private solutions. Standards
will `self-organise'as critical mass
of user interest is achieved.
Intellectual property rights
(IPR)
A high level of IPR protection in
software and multimedia content
is essential for the construction of
the GII.
IPR protection is necessary for
the creation of commercially
viable services.
IPR is only one means of
stimulating diversity in the
availability of services and
multimedia content. IPR
protection should not limit
access; new mechanisms for
charging are essential.
Securing electronic networks Security is an ongoing problem
that must be addressed to boost
the potential commercialisation
of innovative services like
electronic commerce.
Existing networks are adequately
secure and legislation is sufficient
to maintain this security.
Security is needed to create
incentives for some new services.
Security concerns should not
infringe networks as `open public
spaces'.
Social communities and
privacy
Concerns about individual
privacy, independent of security
issues, are unnecessary andwill
stand in the way of rapid
commercialisation of new
services.
Suppliers should be indemnified
from liability for inadvertent
breaches of privacy.
Privacy is a matter of individual
choice and should be governed by
the cultural and social norms
evolving within the NII/GII
community.
Source: Modified fromMansell and Steinmueller (1996a).
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agencies, private sector associations, and a multitude of
others. They can make it easier or more di¤cult for a
given country to pursue its national goals by providing or
withholding resources.
It has become muchmore important for decision-makers
to be familiar with international regulations and standar-
disation and other issues that are under discussion in
older and newer fora. This section highlights the main
responsibilities of several key international institutions
beginning with those established early in the history of
innovations in communication and information techno-
logies. Early international governance in the ICT sector
was provided by the International Telecommunication
Union for the infrastructurenetworks, andbythe conven-
tions and agreements for trademarks and the protection
of intellectualworks(includingliterary,musical, dramatic,
pictorial, photographic, and cinematographic works)
were administered byWIPO.
International Telecommunication Union (ITU)
TheITUwas founded in1865 to address the growing need
for the international coordination of telegraphy and it
became a United Nations specialised agency in 1947
(Codding and Rutkowski 1982). It is now split into three
sectors which address speci¢c issues in radiocommunica-
tions, standardisation, and development.
The radiocommunications sector ensures the e¤cientuse
of the radio frequency spectrum by all services including
those using geostationary satellite orbits. It concentrates
on spectrum utilisation and monitoring, interservice
sharing and compatibility, scienti¢c services, radio wave
propagation, ¢xed satellite services, ¢xed terrestrial
services,mobile services, sound broadcasting, and televi-
sion broadcasting. The standardisation sector issues
recommendations concerningall aspectsof telecommuni-
cation standards. It concentrates on services and network
operation,tari¡s andaccountingprinciples,maintenance,
protection of outside plant, data communication, term-
inals for advanced information services, switching, signal-
ling, and human-machine languages, as well as
transmission performance, systems, and equipment.
The goal of the development sector is to assist developing
countries to advance their telecommunication services to
a level approaching that of the industrialised countries.
This sector seeks to raise the level of awareness of
decision-makers concerning the important role of tele-
communication in national economic and social develop-
ment programmes, and to provide information and
advice on policy and structural options. It aims to
promote the development, expansion, and operation of
telecommunication networks and services; enhance the
growth of telecommunication through cooperation with
regional telecommunication organisations and global
and regional development ¢nancing institutions.
This sector helps to mobilise resources to provide tele-
communication networks by promoting the establish-
ment of preferential and favourable lines of credit, and
cooperating with international and regional ¢nancial and
development institutions. It promotes and coordinates
programmes to accelerate the transfer of appropriate
technologies to the developing countries in the light of
developments in the networks of the industrialised coun-
tries. It encourages participation by industry in the tele-
communication sector in developing countries, and
advises on the choice and transfer of technology. It o¡ers
advice, and carries out or sponsors studies on technical,
economic, ¢nancial, managerial, regulatory, and policy
issues, including studies of speci¢c projects in the ¢eld of
telecommunication.
World Intellectual Property Organization
(WIPO)
WIPOwas established in1967 inStockholmandbecame a
specialised agency of the United Nations, based in
Geneva in 1974 (Monroe et al. 1995).WIPO administers
international conventions for theprotectionof trademarks
andcopyrights ando¡ers assistance to countries in formu-
lating intellectual property protection. Membership
includes signatories to conventions. In the trademarks
area there is the Paris Convention for the Protection of
Industrial Property of 1883 and the Madrid Agreement
Concerning the International Registration of Trademarks
of 1981 supplemented in 1989. In the ¢eld of copyright
there is the Berne Convention Concerning the Creation
of an International Union for the Protection of Literary
and Artistic Works of 1886 with a series of treaties and
amendments up to 1997. Other conventions cover music
and broadcasting from 1961 and 1971. There is also a
Universal Copyright Convention signed in 1952 which is
administered by the United Nations Educational,
Scienti¢c, and Cultural Organisation (UNESCO) to
provide protection under national laws, for example, the
United States did not sign the Berne Convention until
1989. Copyright protects a particular form or expression
of an idea rather than the idea itself and is a central
mechanism for the governance of access to electronic
information by developing countries (issues relating to
copyrights are discussed in detail in Chapter10).
The end ofWorldWar II gave rise to the institution of the
United Nations System, the World Bank Group, and the
Organisation for Economic Cooperation and Develop-
ment (OECD).
TheUnited Nations system
Theagencies oftheUnitedNations systemalso are actively
promoting applications of ICTs in key sectors.The goals
are to enhance the capacity of developing countries to
meet their basic needs, develop indigenous capabilities,
and strengthen their position in the rapidly changing
global environment (UNCTAD 1997). Activities are
unevenly spread across the agencies.Various agencies are
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providing advisory services and contributions to national
capacity-building which help to support e¡orts to
strengthen national information infrastructures (NII).
UnitedNations agencies are active in ICTpolicy formula-
tion providing expertise to interested countries or inter-
ested parties within countries. As an international body
with analytical capacity, theUnitedNations is in a unique
position to identify the policy, institutional, legal, and
regulatory governance issues that need to be addressed if
developing countries are to create national information
infrastructures.Various activities are facilitating access to
the GII by establishing networks that can allow users to
access information, clients, and resources world-wide.
These activities include (UNCTAD1997):
] Research, mainly on ICTs and development, the ICT
revolution, the social and economic impact of ICTs, and
the new applications in relation to the specialised areas
of competence within theUnitedNations system.
] The application of ICTs in developing countries at
national, regional, and community levels often linked
to United Nations-sponsored Technical Cooperation
Programmes.
] Local capacity-building, mainly in terms of upgrading
infrastructure, for example, supporting telecommunica-
tion upgrading programmes in low-income countries,
and facilitating access to ICTs.
] Softwaredevelopment focusingon theneeds of develop-
ing countries.
] Facilitating connectivity to global networking.
] Creatingdatabases forusebydevelopingcountries or the
United Nations organisations themselves in planning
development programmes.
The United Nations Development Programme (UNDP)
sees the information and knowledge revolution as `a
unique opportunity to position itself as an agent of
change and leapfrog itself in the process' (d'Orville 1996:
46). ICTs are treated as generic technologies which,
together with biotechnology and new materials, are
enabling radical changes in techniques and systems of
production and distribution. UNDP is developing a
four-pronged strategy for the systematic development of
communication systems based on innovation, transfer,
policy reform, and ¢nance.
TheUnitedNationsEducational, Scienti¢c, andCultural
Organisation (UNESCO) was created in 1945 and
became active in1946with the original purpose of advan-
cing,`through the educational and scienti¢c and cultural
relations of thepeoples of theworld,theobjectives of inter-
national peace and of the commonwelfare of mankind for
which the United Nations Organisation was established
and which its Charter proclaims'. The in£uence of
UNESCO derives from the experiences of its member
states, the conferences, debates, and research, and the
assistance available to member states in capacity-building
in the areas of communication, information, and inform-
atics. For developing countries, UNESCO also provides
some training and develops arguments concerning
cultural rights,`the right to communicate', and other posi-
tions many developing countries support. UNESCO has
been emphasising the need for action to address legal and
ethical issues in the ICTarea, the need for incentives and
subsidies to promote services, the problems of maintain-
ing a public domain for information and improving
public access, the necessary development of £exible,
modular and scalable network designs for developing
countries, and the importance of training, research, and
cooperation (UNESCO1996, ITU/UNESCO1995).
The International Bank for Reconstruction and
Development (IBRD), TheWorld Bank Group
TheBankwas founded in1945 toprovide low-cost loans to
European governments to help them reconstruct their
severely damaged economies after World War II. The
focushas shiftedtopromotingdevelopmentand economic
reforms in Africa, Asia, Latin America, and the
Caribbean. Associated institutions include the Inter-
national Monetary Fund (IMF), the International
Finance Corporation (IFC), and the Multilateral
Insurance Guarantee Association (MIGA). The World
Bank provides a variety of resources and services to the
ICT sectors of developing countries, including loans,
expert advice, and access to its new Information for
Development Program (infoDEV). In return for its loans
and services, the Bank negotiates economic and institu-
tional conditions that must be met by the borrowing
government.
The Bank has been pursuing four objectives for the GII
including: widespread and equitable access to communi-
cation and information services through accelerated
deployment of NIIs and e¡ective integration into inter-
national networks; systemic improvements in the func-
tioning and competitiveness of key economic sectors
through strategic information policies and systems; and
new ways to use ICTs to help resolve the most pressing
problems of human and economic development -
education, health, poverty alleviation, rural development,
and care of the environment.
TheWorldBankand the ITU, for example, are sponsoring
initiatives to ease the transition by developing, and espe-
cially the least developed, countries towards innovative
`knowledge societies'. Closely associated with the ITU is
WorldTel, an entity designed to raise private sector ¢nan-
cing for telecommunication investment (Cane 1997b).
2
Its mission is to encourage the spread of telecommunica-
tion services in countries with a telephone density of less
than 1 per cent or a telephone service waiting time of
more than ¢ve years. WorldTel is able to draw on ITU
expertise but has to pay for these services. Projects will be
implemented on the basis of build-own-operate or
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build-operate-transfer schemes.The design and prepara-
tion of projects is underway following an initial subscrip-
tion of US$ 50 million, far short of the billions needed to
meet its objectives.
The World Bank is developing a knowledge brokering
service by using its resources to analyse clients' needs
and to tap expertise world-wide. Knowledge brokering is
central to building new capabilities within developing
countries.The Bank aims to become a long term partner
and facilitator for countries adjusting to the need to build
knowledge networks and is developing strategic alliances
to mobilise knowledge and ¢nancing (Talero and
Gaudette1995).The Bank argues that theGII is very real,
that market economies are prevailing world-wide and
¢rms are competing on the basis of knowledge, network-
ing, and agility.The result is the reorganisation of society,
new social and cultural agenda, new market dynamics
and an urgent need to incorporate ICTs into any develop-
ment programme.
In 1995 the Bank announced the Information and
Development Programme (infoDev). This initiative
concentrates on mobilising partnerships among private,
bilateral, multilateral, NGO and other actors to support
activities that aremore innovative thantraditional bilateral
orBankprojects.InfoDevprovidesmoneyfor telecommu-
nications reform, information infrastructure strategies
(including national assessments), consensus-building
activities, and demonstration projects (World Bank
1996). The Bank de¢nes its role as an honest broker,
helping to de¢ne the needs of developing countries and
matching themwith the appropriate resources.The roles
expected of governments are suggested in Box 9.1.
Organisation for Economic Cooperation and
Development (OECD)
Established in 1961, the OECD originated in the
Organisation for European Economic Cooperation
(OEEC) that was set up in 1948 to administer Marshall
Plan funding in Europe.TheOECD's goals are to achieve
thehighestsustainable economicgrowthand employment
and a rising standard of living in member countries,
whilemaintaining¢nancial stabilityandthus contributing
to the development of the world economy. It aims to
assist sound economic expansion in member, as well as
non-member, countries in the process of economic devel-
opment, and support the expansion of world trade on a
multilateral, non-discriminatory basis in accordance
with international obligations.
The greatest challenge is for the developingcountries themselves
to understand at the highest political level the bene¢ts that
communication infrastructures can provide them and put
forward the appropriate framework to facilitate this (OECD
1997a: 84).
The OECD's in£uence lies mainly in its research and
Box 9.1 -What should governments do?
Governmentaction is necessary:
As a policy-maker
As a major user of information technology
To compensate for market failures
Governments can:
Improve their own e¤ciency
Set fair rules of the game
Catalyse infrastructure projects
Push the education agenda
Jump-start the private sector
Source: Extracted fromTalero and Gaudette (1995).
statistical analysis, its reputation for superior technical
and analytical work and its track record in helping
member countries reach consensus on di¤cult issues.
The committees and working groups formed by the
OECD monitor developments and policy ideas in their
area of interest and accumulate an immense volume of
statistics and reports.The groups then pass these data to
the Secretariat which processes, compares, and analyses
them, and formulates forecasts and policy suggestions.
The Science, Technology, and Industry Directorate
concentrates on ICT issues through its Information,
Computer, and Communications Policy (ICCP)
Committee. In addition to speci¢c studies of information
technology, telecommunication, and related legal and
standardisation questions, the ICCPalso addresses issues
of technology and policy convergence, di¡usion, and
impact on the economy and society. The ICCP has
working groups and committees centring on telecom-
munication policies, the economics of the information
society, high-performance computing and networking,
security, privacy, cryptography, and intellectual property
rights, standards, regulation, convergence, and pricing
(OECD1977b,c).
The deployment of satellite technologies in communica-
tion networks brought the need for several new inter-
national organisations, including the International Tele-
communication Satellite Organisation (INTELSAT)
and the International Maritime Satellite Organisation
(INMARSAT).
International Telecommunication Satellite
Organisation (INTELSAT)
Created in1964, themission of INTELSATis to establish
a global commercial telecommunication satellite system
and organisation. It aims to utilise the most advanced
technology with the most e¤cient and economic facil-
ities, and to o¡er telecommunication services on a non-
discriminatory basis in all areas of the world.
INTELSAT has a vast array of satellite services that it
makes available to member countries. The two main
types of services it distributes are voice/data and video.
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INTELSAT resources include a wide variety of high
powered satellites in geostationary orbit, earth stations
owned and operated by country signatories, and other
satellite technologies that allow it to e¡ectively connect
any two or more points on the globe.The Organisation's
power stems from its ability to establish technical and
operating standards for earth stations with which all
INTELSATusers must comply.
A key question for the developing countries is whether
INTELSATwill continue to be one of the most e¤cient
low cost suppliers of services, or whether new providers
will erode its international markets. As the organisation
seeks to respond to its clients, it has established regional
support centres providing added local geographical focus
andsupport andincreasedmarket andbusiness awareness.
The Indian Ocean Regional Centre became operational
in March 1996 in Mumbai. INTELSAT hopes to work
jointly with the Indian signatory to bring services such as
direct-to-home (DTH) television to the region and to
assist in developing the expanding market for broadcast
to cable systems. June 1996 saw the opening of a second
regional centre in Singapore. This centre will help meet
the exploding telecommunication needs of the Asia
region. Regional centres also are to be opened in Africa
to satisfy the telecommunication needs of this region.
InternationalMaritime Satellite Organisation
(INMARSAT)
INMARSAT, created in 1979, has expanded the scope of
its expertise to all mobile users and now o¡ers satellite
support almost everywhere in the world, at sea, on land,
and in the air.
The following regional organisations have become active
contributors to the ICT governance system. Most of the
regionalgroupings explicitlyacknowledge the importance
of telecommunication infrastructure investment to meet
their development objectives. These organisations tend
not to stress the importance of information policies to
complement network development initiatives.
Latin American and CaribbeanCooperation
TheLatin American IntegrationAssociation, the Central
American Common Market, the Andean Group, the
Southern Common Market (Mercosur), the Caribbean
Common Market, and the Organisation of Eastern
Caribbean States all list the communication sector as an
area of mutual interest (UNCTAD 1996a). The Inter-
American Social and Economic Council preceded the
Inter-American Telecommunications Commission
(CITEL)whichwas established by theGeneral Assembly
of the Organisation of American States in 1963 with the
goal of using all means at its disposal to facilitate and
further the development of telecommunication in the
Americas for the purpose of contributing to the develop-
ment of the region. It organises and sponsors periodic
meetings of technicians and experts to study planning,
¢nance, construction, standardisation, technical assis-
tance, maintenance, and other matters related to the use
and operation of telecommunication in the hemisphere.
The organisation has been instrumental in establishing
`RedHUCyt' which was started in 1991 as a plan to
connect member countries to the Internet to support
information exchanges among professionals, researchers,
and specialists.The programme responds to local initia-
tives and provides equipment, technical support, and
specialised training, and sponsors technical workshops
and seminars. Initiatives are being taken to allow regional,
as well as national, access to databases (Bourdeau et al.
1996).
Asian cooperation
TheCooperationCouncil for the Arab States of theGulf,
the Central Asian Economic Cooperation Organisation,
and trading agreements in South and South East Asia,
including the Association of South East Asian Nations
(ASEAN) established in 1967, and the South Paci¢c
Forum established in1971, all have cooperation initiatives
in the ICT sector (UNCTAD 1996a). The Asia Paci¢c
Economic Cooperation (APEC) was formed in 1989 in
response to the growing interdependence among Asia
Paci¢c economies to advance Asia Paci¢c economic
dynamism and a sense of community. The Telecom-
munications Working Group (TELWG) was set up in
1990 and has been meeting regularly to work on human
resource development, technology transfer, and regional
cooperation, opportunities for on-site visits/observer-
ships/fellowships, and telecommunication standardisa-
tion matters. Studies are looking at issues concerning
data compilations, electronic data interchange, electronic
commerce, infrastructure development, international
value added networks (IVANs), and mutual recognition
of telecommunication equipment test data. The APEC
member countries have agreed to a Japanese proposal to
develop an information infrastructure in the Asia Paci¢c
region.
African regional organisations
Cooperation to promote national information infrastruc-
ture development culminated in May 1996 with a docu-
ment representing an ambitious new regional e¡ort in
the form of the Economic Commission for Africa's
(ECA) Africa Information Society Initiative (AISI).
Prepared by a High Level Working Group on
Information and Communication Technologies and
approved at a ministerial meeting of the ECA, this docu-
ment provides a planning and implementation framework
for African governments. Implementation of the docu-
ment was the subject of a meeting in Ethiopia in October
1996.The PanAfrican InformationDevelopment System
(PADIS) has sponsored conferences, training sessions,
and other activities on applying computer/information
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resources toAfrica's developmentchallenges.Its successes
demonstrate the importance of the promotional elements
of policy at the early stages of these technological
changes.The PanAfrican News Agency (PANA), the Pan
African Telecommunication Union (PATU), the
Regional African Satellite Communications Organis-
ation (RASCOM), and the Union des Radiodi¡usions et
Te
¨
le
¨
visions Nationales d'Afrique (URTNA) are also
active in promoting infrastructure and service develop-
ment.
Other regionalgroupings that are targeting telecommuni-
cation development and the information industries
include the Arab Maghreb Union, the Economic
Community of West African States, the West African
Economic Community, the Mano River Union, the
Economic Community of Central African States, the
Central African Customs and Economic Union, the
Preferential Trade Area for Eastern and Southern Africa,
and the Southern African Development Community
(UNCTAD1996a).
Fromthemid-1970s stakeholderorganisationswith social,
political, and economic interests in the expansion of
global markets for communication equipment and
services began to emerge on theworld scene.
The International Telecommunication Users Group
(INTUG) was founded in 1974 as an international asso-
ciation linking large, multinational companies that were
heavyusers of telecommunication services.These compa-
nies joined forces to discuss how they might reduce their
telecommunication costs as they promoted the introduc-
tion of competition within the United States domestic
market and began to see the advantages of world-wide
market liberalisation. INTUG promotes its users' inter-
ests at the international level and ensures that the voice of
the business user is clearly heard in national and interna-
tional policy discussions in fora such as the ITU and
other regional groups.
In1977, theInstitute forInternationalCommunications(IIC)
(initially the International Broadcast Institute created in
1968) was set up as a meeting place for Chief Executive
O¤cers of broadcasting organisations to review the
impact of new technologies.Today the organisation hosts
conferences andworkshops on issues in the telecommuni-
cation and broadcast sectors fostering debate across the
ICT industries and across countries. This Institute also
has a small academic membership.
TheInternationalAssociation forMediaandCommunication
Research (IAMCR)
3
was founded in 1957 and is an NGO
with formal consultative relations with UNESCO.W|th
some 1,500 individual and institutional members around
the world, IAMCRmembers have played an active role in
`free £ow of information' debates, and human rights
issues, and have produced numerous studies on the
social and economic impact of ICTs from a variety of
social science and policy perspectives and especially on
the implications of ICTs for developing countries.
TheAssociation forProgressiveCommunications (APC)grew
out of an earlier organisation, the Institute for Global
Communications, founded in l986, created to serve non-
governmental organisations and citizen activists working
for social justice, environmental sustainability, and
related issues. Composed of a consortium of 21 inter-
national member networks, APC today provides commu-
nication and information-sharing tools to its members. It
o¡ers communication links to over 40,000 NGOs, acti-
vists, educators, policy-makers, and community leaders
in 133 countries. APCworks closely with the Institute for
Global Communications which has organisational
members including PeaceNet, EcoNet, LaborNet,
WomensNet, andCon£ictNet.
Various Standards Development Organisations (SDOs)
including the ITU but extending to largely private stan-
dards institutions are in£uencingwhattechnical standards
manufacturers will employ. These include the
International Organisation for Standardization (ISO),
and the International Electrotechnical Commission
(IEC) as well as a large number of consortia emerging
around new technical designs and con¢gurations. Some
of these have the potential for major international
impact, while others concentrate more on national or
regional markets. For example, the situation of Asian
actors with respect to standards consortia is especially
intriguing. Even though Japanese and Korean (Rep. of)
¢rms are key players in many areas of advanced digital
applications (particularly in semi-conductors and consu-
mer electronics), as yet no consortium or SDO based in
Asia has assumed independent international signi¢cance
(Hawkins et al.1995, 1997;Mizumoto1997).
By themid-1990s,major changes in networkarchitectures
and protocols had enabled Internet accesses to take-o¡
both inside and outside the United States. New forms of
governance in this area are emerging.These includeThe
Internet Society (ISOC), announced at an international
networking conference in Copenhagen in June1991.This
is anon-governmentalorganisationforglobal cooperation
andcoordinationoftheInternet andits interworking tech-
nologies and applications. It came into being in January
1992with the goal of facilitating andguiding the evolution
and globalisation of the Internet and its technologies and
applications.TheSociety seeks to enhance the availability
and use of these technologies on the widest possible
scale. The Internet Assignment Number Authority (IANA)
acts as a clearinghouse to assign and coordinate the use of
numerous Internet protocol parameters. There is no
consensus among the Internet community on how the
governance structure will evolve for the `domain name
system' (DNS).
4
Domain name registrars have monopo-
lies based on their administration of national or generic
top level names. They are currently unregulated which
187
9 The international governance system
impacts on the costs of access to the Internet for industria-
lised and, more especially, for developing countries
(OECD 1997d). Monopoly pricing and infringement of
trademarks issues are being considered in the context of
whether a new international regime is needed.
Developments within this governance regime will have
enormous implications for electronic commerce and
other aspects of theGII.
W|th respect to international trade, major changes on the
international governance scene have been very visible
with the establishment of theWorldTradeOrganization.
World Trade Organization (WTO)
TheWTO, created in January 1995, built on the founda-
tions of the General Agreement on Tari¡s and Trade
(GATT) which was established and took e¡ect in 1948.
Although the GATT has been in existence for many
years the setting up of a formal institution represents the
emergence of new processes of governance and new
opportunities for negotiation by developing countries.
The objectives of the WTO are to raise standards of
living, ensure full employment, and encourage growth of
real income and e¡ective demand. In order to achieve
this, it seeks expansion in production and trade in goods
and service.TheWTO also recognises the need for posi-
tive e¡orts to ensure that developing countries gain a
share in international trade that is commensurate with
their economic development. By late 1996, 123 govern-
ments had accepted theMarrakech Agreement establish-
ing theWTO, and 31others had applied for membership.
The power of theWTO derives from its members' agree-
ment to cooperate in solving trade problems and negotiate
binding, trade-liberalising agreements. All members
have agreed that theWTO is the international, legal, and
institutional foundation of the multilateral trading
system. It provides the general obligations determining
how governments frame and implement domestic trade
legislation and regulations. It alsoprovides the foundation
for trade relations among countries to evolve through
collective debate, negotiation, and adjudication.
The key issues of the WTO are ensuring trade without
discrimination, establishing predictable and growing
access to markets, promoting fair competition, and
encouraging development and economic reform. The
WTO is active in the protection of intellectual property
rights and the opening up of national telecommunication
markets.TheWTO agreement onTrade-Related Aspects
of Intellectual Property Rights (TRIPS) is a response to
global inconsistency in the protection of property rights
and the increase of international trade in counterfeit
goods. The agreement is concerned with provision of
adequate intellectual property protection, e¡ective
enforcement measures for those rights, a multilateral
dispute settlement mechanism, and transitional imple-
mentation arrangements, particularly for developing
countries (see Chapter 10). The key issues in the trade-
in-services sector re£ect the general goals of the organisa-
tionaswell as speci¢cbarriers tothe successful completion
of the liberalisation ofmarkets.
Over90of theWTOmembers are developingcountries or
countries with economies in transition. Because of this
large membership, and their increasingly important
roles, the needs and problems of developing countries
are receiving attention. For example, missions and semi-
nars to address issues such as e¡ective participation in
multilateral negotiations and dispute settlements, are
conducted in developing countries. The WTO also
provides developing countries with trade and tari¡ data
relating to their individual export issues.
Consistentwith the formationof theWTOandamove to a
more market-oriented system of governance for the ICT
sector as a whole, another stakeholder institution in the
GII vision was created in 1995. The Global Information
Infrastructure Commission (GIIC) was established with a
base in the United States to strengthen the leadership
role of the private sector in the development of a diverse,
a¡ordable, and accessible information infrastructure. It
also has a remit to promote greater involvement of devel-
oping countries in building and utilising a truly global
and open information infrastructure.TheGIIC facilitates
activities and identi¢es policy options that are intended
to foster e¡ective applications of telecommunication,
broadcasting, and information technologies and services.
The Commissioners are Chief Executive O¤cers from
leading information and telecommunication companies,
and several senior government o¤cials are drawn from
the relevant sectors.The GIIC is a private, independent,
non-governmental organisation with a three-year
mandate, involving leaders from developing as well as
industrialisedcountries.W|threpresentatives of countries
like Brazil, Indonesia, India, Russia, and Senegal, and
with formal participation from senior o¤cials of the
World Bank, the GIIC concentrates much of its attention
on the developing world. However, rather than focusing
on issues only or mainly relevant to developing countries,
the Commission addresses key issues of the GII such as
electronic commerce,market access, intellectual property
rights, and ¢nancing from the perspective of the mutual
interests of these countries and the industrialised coun-
tries (GIIC1994, 1997).
This brief overviewof in£uential international and regio-
nal institutions in the ICTsector illustrates that they are
numerous and that they are concerned with the way the
ICT infrastructures, and services emerge in national,
regional, and international markets.The purposes, e¡ec-
tiveness, responsibilities, resources, competencies, and
interrelationships of these international organisations are
changing substantially and quickly.This presents daunt-
ing challenges to developing countries and especially the
least developed countries. New organisations are emer-
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ging (especially in the Internet and standards areas), exist-
ing ones are changing their missions, some are being reju-
venated, and others are losing relevance and power in
ways that may disadvantage certain developing countries.
The international governance system for ICTs is moving
away from being highly centralised, monopolistic, and
state controlled, to being much more decentralised,
heterogeneous, independent, and distributed.
At the same time, it is becomingmuchmore important for
decision-makers to be familiar with these international
regimes and their impact on national and regional devel-
opments. These institutions have control over valuable
and scarce resources that developing countries can use to
design their national information infrastructures. They
are important fora where the new `rules of the game' are
being debated and decided by powerful states. They are
also sources of in£uential ideas and proposals that other
world actors take very seriously (W|lson1996a).
Governments, development banks, trade organisations,
equipment vendors, and the public all have to reconcile
opposing tendencies in the emerging international ICT
governance regime. State-led approaches are inconsistent
with dominant trends in the global economy. Current
trends are toward the introduction of e¡ective national
policies and international cooperation to achieve a
balance among development, equity, and environment
objectives (UNCSTD 1997c). As a result of economic
liberalisation and the acceleration of forces of `globalisa-
tion' following the demise of `East-West' tensions and the
opening up of many developing countries, there is a drive
to liberalise and open markets to build national inform-
ation infrastructures. However, there is also a desire to
maintain a degree of control over the way in which the
people in developing countries will interactwith theGII.
The increased di¡usion of ICTs is altering systems of
production and work organisation a¡ecting employment
and international competitiveness which is having major
implications for international investment and trade in
goods and services for developing countries. New forms
of partnership represent emergent governance systems
andanopportunityto¢nd`newforms oftechnology coop-
eration which involve two-way relationships, and deter-
mined endeavours to share technological knowledge, and
to collaborate on R&D, training, manufacturing and
marketing' (UNCSTD 1997c: 19; UNCTAD 1995c,
1996b). The next sections examine the visions and the
realities of the evolving international ICT governance
system with respect to the infrastructure and trade in
information technologies.
9.3 Global information infrastructure visions
Concepts of an `information age' or an `information
economy' that gained in popularity between the 1960s
and the 1980s, rarely went beyond sketchy designs and
vague action plans. They were addressed mainly to the
most industrialised countries. New, bold metaphors
emerged in the early 1990s, such as Singapore's
Intelligent Island, the Smart Philippines, Malaysia's
Multimedia Corridor, Europe's Information Society, the
Information Superhighways, and more recently the
global information infrastructure (GII). It is not only
these metaphors that are bringing about rapid change, it
is the high-pro¢le political commitments that are now
strongly promoting GII and NII projects around the
world.
5
The predominant GII vision was ¢rst articulated
bytheUnitedStatesbutthe ideahas capturedthe imagina-
tion of people in many other countries. Its construction
is being accompanied by the introduction of new govern-
ance measures. In the trade and regulatory areas the new
measures are intended to prise open national markets.
The impact on the strategies and plans of the least devel-
oped countries and smaller developing countries cannot
yet be measured. Nevertheless, the cost of adjustment to
a much more open, liberalised world trading regime will
be signi¢cant.Amajorquestion iswhether these countries
will secure the bene¢ts of market liberalisation and
attract investors to build their national information infra-
structures to linkwith theGII.
The GII is a combination of physical infrastructure and
applications of all sorts that £owover high speed commu-
nication networks capable of `seamless delivery of
content'. Massive ¢nancial investments, a conducive
policy/regulatory environment, a trained and available
workforce, and a high degree of international cooperation
are fundamental to advancing the GII. Since the GII
embodies both computers and communication, some
countries and companies refer to the Global Information
and Communication Infrastructure (GICI). Although
`globalisation' is the hallmark of the new era, eventual
realisation of the GII is contingent on most countries
implementing ambitiousNII programmes.
Infrastructure upgrading and `build-out' as well as
measures to maximise utilisation and reduce bottlenecks
in service delivery, are receiving the highest priority in
national and regional initiatives for achieving the GII.
Essential elements involve fully interactive, non-
discriminatory access to services within countries and
across borders via voice, data, video, and multimedia. In
order for information systems and networks to be su¤-
ciently reliable to be able to maximise their applications,
a `cyber age' governance regime must be in place to cover
¢nancial transactions, legal contracts, intellectual prop-
erty rights, security of commercial information, and
information privacy.
The crucial new dimension that undergirds the GII is its
wide endorsement and promotion by heads of state and
major international organisations. One of the earliest
pronouncements on the GII was made by United States
V|ce-President Al Gore at the International Telecom-
munication Union development conference in Buenos
189
9 The international governance system
Aires in1994.PresidentBillClintonsuggestedthattheG-7
countries should organise an event around this theme. In
February1995, theG-7organised aministerial conference
on the information society in Brussels, under the aegis of
the European Union.The APEC (Asia Paci¢c Economic
Cooperation) regional group also organised a ministerial
event on the information infrastructure in Seoul, Korea
(Rep. of ), later that year (Donovan1995, 1996a,b). In `the
Americas', the Organisation of American States and
other regional groups were considering the importance
ofGII for their development (Bourdeau et al.1996).
6
During the incubation period of the information society's
development (1960-1990), the responsibility for most
initiatives fell to o¤cials in technical divisions or
bureaux, but they had little authority for policy, political
power, or in£uence. A dramatic transition occurred in
1994. Although the European Commission had been
carrying out reforms to the telecommunication and
information services sector for two decades, this had
attracted little notice from the Council of Ministers or
heads of state. The reform programmes were re-titled
and integrated within a European Information Society
(EIS) Action Plan. The Commission's 5
th
Framework
Programme in 1999 will include funding to enhance a
`user-friendly information society'. Quite independently,
countries and entities as diverse as the United States,
Singapore, the European Union, and Japan have been
preparing complementaryGII/NII Action Plans.
] The United States sees the NII as a seamless web of
communication networks, computers, databases, and
consumer electronics toputvast amounts of information
at users' ¢ngertips. The NII encompasses equipment
such as cameras, scanners, keyboards, telephones, fax
machines, computer disks, video and audio tape,
optical ¢bre transmission, microwave sets, televisions,
monitors, and printers. The goal of the NII is to link
homes, businesses, schools, hospitals, and libraries
both to each other and a vast array of electronic inform-
ation resources. Growth and productivity with the
deployment ofNII is estimated to beUS$ 300 billion by
2007, an increase of between 20-40 per cent (Cohen
1996a,b).
] The European Union (EU) endorsed a report prepared
under the direction of Commissioner Martin
Bangemann in 1994 calling for a shift in political direc-
tion of the Union ¢nancing of infrastructure to the
private sector (European Commission 1994). It empha-
sised the bene¢ts of liberalising national telecommuni-
cation policies and market structures, building an
informationandmultimediamarket,givinghighpriority
to intellectualproperty rights,privacy, legal, and security
protectionofnetworks,andmediarules toprotectplural-
ism and competition for the information sector.
Further initiatives included the establishment of the
European Information Society Forum and publication
by the Social A¡airs Directorate (DGV) of a report
entitled `Building the Information Society for Us All'
(European Commission 1996d). DGXIII, responsible
for telecommunications, the information market, and
the exploitation of research, has initiated a large
number of trials and demonstration projects within
programmes aimed at strengthening European R&D
and the involvement of citizens and businesses in the
European Information Society (European Commission
1996e; Mansell and Steinmueller 1996a; Bernard et al.
1997).
] Japan has embarked on a Fibre Optic Info-
Communication Network connecting every business
and household for an Intellectually Creative Society to
meet social and economic restructuring in the 21
st
century.This involves development and introduction of
applications in public education, medical care and
welfare services, informatising public works, and
supporting pilot projects. A shift of perspectives from
the goods- and energy-dominated 20
th
century to intel-
lectual creativity based on high-performance info-
communications is expected.The government is review-
ing restrictions on the interconnection of networks,
separate regulations for the telecommunication and
broadcasting sectors, and new approaches to universal
service and tari¤ng systems.
] In Singapore the government's IT2000 master plan was
adopted in 1991 to transform the nation into an
Intelligent Island. The vision called for the creation of
an NII that would facilitate information £ows within
the country and connect Singapore to the rest of the
world.TheNationalComputerBoard(NCB)ispursuing
strategies to make Singapore a global hub for goods,
services, capital, information, and people, to generate
greater productivity and new business opportunities, to
enhance the potential of individuals, to link commu-
nities locally and globally, and to improve the quality of
life of its citizens.
Since 1994, heads of state from G-7, APEC, EU and
OECD countries have been known to discuss such
`techno-policy' issues as interconnection, universal
services,gateways,and local loops,andnumber transport-
ability! By the middle of the decade, the GII had become
a cornerstone for economic and social development and
it is becoming a central element of trade policy. Senior
government o¤cials have recognised the importance of
theGII to their countries.They are giving higher priority
to telecommunication and information technologies,
more funds are being directed to applications such as
education and medicine, and national initiatives are
being pushed at the international level. The World Bank
has aggressively promoted telecommunication liberalisa-
tion and the privatisation of national operators.The in£u-
ence of theWorld Bank in developing countries, recently
reinforced by the International Telecommunication
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Union, is stimulating governments to reform their
markets. GII/NII initiatives have become much more
universal ina shorterperiodoftime thanalmost anymove-
ment in memory (EuropeanCommission1997b).
9.4 A decade of talks on trade and governance
The political capital invested by countries to ensure the
success of aWTOagreement onbasic telecommunication
services is a testimonial to the high priority being given
to accelerating theGII.Although theGATThas provided
a legal international framework for reducing tari¡s and
promoting trade in goods since the end of World War II,
services - including telecommunications - were put on
the table only in 1985. The completion of the Uruguay
Roundtalks ledtothe creationoftheWTO,the conclusion
of aGeneral Agreement onTrade in Services,
7
a telecom-
munication annex to the services agreement,
8
and a
commitment to negotiate new arrangements for trade in
basic telecommunication services.The basic telecommu-
nication services talks commenced in 1994 with thirty
`key'countries andconcluded inFebruary1997withparti-
cipation of just over seventy countries.
The agreement on basic telecommunication services not
onlyprovides for liberalisation ofmarket access beginning
in January 1998, but also substantially opens markets for
foreign investment and contains binding regulatory prin-
ciples. The negotiations covered services involving end-
to-end transmission of customer supplied information
over public network infrastructures, and using private
leased circuits.The commitments of nearly seventy coun-
tries, including over forty developing countries and six of
the central and eastern European countries, will be
phased-in over varying periods of time (WTO1997b).
9
Five of the participants in these negotiations, the
European Union, the United States, Japan, Canada, and
Australia, had leading shares ofworld telecommunication
revenues accounting for 77 per cent of the market in1995
(WTO 1997c). The European Union, the United States,
andJapanwere rankedas theworld's largest telecommuni-
cationmarkets in terms ofglobal shares byallmain indica-
tors except outgoing international tra¤c (where Japan
ranked sixth behind Canada, Switzerland, and Hong
Kong). For all of the main indicators (seeTable 9.2), the
combined shares of the European Union, the United
States, and Japan, in 1995 represented well over half of
the world total.
Although most of the developing countries participating
in the negotiations accounted for lower shares of global
telecommunication activity in 1995 than did the United
States, the European Union, or Japan, they were still
signi¢cant players. See the appendix to this chapter for
the revenues of participating countries and territories
and the commitments they have made to creating new
opportunities for market access. Korea (Rep. of ), Brazil,
Mexico, and Argentina were in the top ten by share of
global revenue. Hong Kong was ranked ¢fth as a source
of international telephone tra¤c, while Mexico and
Singapore were among the top ten. Korea (Rep. of ) was
fourth in terms of telecommunication investment, with
Argentina and India among the top ten. For numbers of
telephone main lines, Korea (Rep. of) was in the top ¢ve
and Turkey, Brazil, India, and Mexico were among the
top ten.
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Table 9.2 - Share of world telecommunication, 1995 totals
as percentages
EU US Japan Total
Revenue 28.3 29.7 15.6 73.6
Main lines 26.1 23.8 8.8 58.7
Investment 27.1 15.6 22.0 64.6
International traffic 35.2 25.3 2.7 63.2
Source:WTO (1997c)
Announcing the agreement on basic telecommunication
services, the Director General of WTO noted that
market liberalisation could mean global income gains of
US$ 1trillion over the next fewdecades.
Perhapsmost importantly ofall froma longer-termperspective,
this deal goes well beyond trade and economics. It makes access
to knowledge easier. It gives nations large and small, rich and
poor, better opportunities to prepare for the challenges of the
21st century. Information and knowledge, after all, are the
raw material of growth and development in our globalised
world (WTO1997a:1).
This is not the onlymajor trade agreement to set the para-
meters for a new international governance regime. A
Ministerial Declaration on Trade in Information
Technology Products was signed in December 1996 in
Singapore by 28 Governments. The Information
TechnologyAgreement(ITA)provides for the elimination
of customs duties and other charges on information tech-
nology products through equal annual reductions begin-
ning in July 1997 and concluding in January 2000. The
implementation of the agreement required that other
countries signup so thatdraft schedules couldbe reviewed
at the endofMarch1997.The goalwas to achieve commit-
ments representing 90 per cent of world trade in inform-
ation technologies and this goal was met. Countries and
territories submitting schedules for tari¡ reduction by
March included Canada, Costa Rica, Estonia, the
European Union countries, Hong Kong, Iceland, India,
Indonesia, Japan, Korea (Rep. of), Macau, Malaysia,
Norway, Romania, Singapore, Switzerland, Thailand,
and the United States, Australia, New Zealand, Turkey,
Taiwan (Pr. China), and Israel are expected to join.
Although some developing countries are included, many
more are not. The impact of this agreement on the least
developed countries will be important and they will need
to work out how it will a¡ect their initiatives to develop
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newcapabilities in the information technology sector.The
relatively rapid preparation and acceptance of the ITA
which commits countries to zero tari¡s for computers
and component imports is an example of the breadth and
scope of changes in the international governance
regime.
11
Themajorproducers of information technology
(hardware and software) and telecommunication techno-
logy and services, are moving rapidly to restructure the
rules of the game in the global market (WTO 1997a;
Dunne1997).
These two governance instruments promoting trade in
information technology products and communication
services demonstrate the fullness of commitment to
rapidly advancing the GII. The rate at which the GII is
constructed depends on the liberalisation of regulatory
regimes but it also depends on the capacity of countries
to put new rules in place. Deliberate e¡orts are underway
in many developing countries to stimulate private sector
innovation and investment. These WTO measures
address only some of the measures needed to stimulate
their participation in emergent `knowledge societies'.
The di¡usion and e¡ective use of ICT applications will
be the true indicators of national transformations. At
present, there are many bold action pledges, but some of
the G-7 pilot projects are said to be under-powered and
behind schedule and this may also be the case for similar
clusters of APEC and other regional projects. However,
with a favourable global economy, a more relaxed inter-
national political climate, and uninterrupted leadership
at national levels, there is room for optimism for some
countries. These changes in the governance system and
in the international market for ICTs are giving rise to
very substantial challenges for the least developed
countries andmany smaller developing countries includ-
ing small island states.
9.5 International governance for ICTs and the
least developed countries
There are two keys to the ability of any country to exploit
the potential of ICTs for economic and social develop-
ment.The ¢rst is the availability of a network infrastruc-
ture which is essential for the provision of applications.
The second is the capability to create and administer an
enabling environment and to develop the applications
that exploit the infrastructure in ways that are consistent
withneeds in the local environment.TheWTOagreement
on basic telecommunication services commits countries
to privatise their national public telecommunication
operators and to introduce competition in the provision
of all services.
Only13developingcountries thatmade commitments are
representedamongthe`top40'measuredin terms of inter-
national telecommunication revenues. Table 9.3 shows
that there are very great di¡erences among these large
operators in terms of their dependence on international
revenues as a proportion of their total revenues, their
overall pro¢tability and relative e¤ciency (revenue per
employee). Many of the least developed countries and
smaller developing countries are even more dependent
upon international service revenues.
Asthe experience ofacountrylikeIndia suggests, theposi-
tive gains expected from liberalisation of the domestic
market take time to materialise. For example, in February
1997, Siemens announced that it would terminate some
of its telecommunication manufacturing facilities in
India because of losses, and the failure of an expansion of
telecommunication demand to materialise (Tassell 1997).
The company claimed that the increase in telephone
lines over the preceding 18 months had been well below
target.
The implicationsofprivatisationandmarket liberalisation
for the least developed countries, many ofwhich have not
joined the WTO agreement, for inward investment, and
the construction of their NIIs, are considerable. These
countries are being advised to adopt the same policies as
the wealthier countries for three main reasons:
] liberalisationandprivatisationhavebeensuccessful else-
where although most of the evidence is from advanced
countries with long established universal services;
] investment in telecommunication networks enables
greater use of ICTs in support of competitive economic
activities;
] national monopoly operators normally perform very
poorly and this provides a strong incentive for major
changes in their ownership and operation.
The issue for the least developedcountries is how theycan
attract both competence and investors at the same time as
they achieve some movement toward universal service
provision. The major world telecommunication compa-
nies are likely to concentrate on their home markets and
on opportunities in countries covered by theWTO agree-
ment.The less experienced companies are likely to be the
ones investing in the least developed countries. The
terms and conditions that will be attractive to them may
not be the same as in countries covered by the WTO
agreement.
The cost of new technologies, such aswireless in the local
loop, is likely to be higher in the least developed than in
other developing countries. Alternative ways of providing
services in the individual circumstances of these countries
need to be devised.The challenge of de¢ning policy and
regulatory arrangements that respond to the needs of
these countries is great. Hiring external professionals
who have built up experience in countries facing similar
circumstances and pressures is as important as acquiring
the managerial and commercial competence that may be
provided by external investors. The models for the least
developed countries will need to be adapted from those
adopted by countries that have joined the WTO agree-
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ment. Innovative approaches to ¢nancing andnegotiation
of conditions for inward investors must be carefully
balanced between national priorities andwhat is accepta-
ble to potential investors.
Another important issue is the ability to develop applica-
tions that aremeaningful for the people in the least devel-
oped countries. In education, for example, the initial
focus is oftenonside-steppingthe inadequacies of existing
arrangements by experimenting with distance learning
and access to external professional competence via tele-
communications. Although this is helpful in demonstrat-
ing pioneering e¡orts, major progress cannot be made
until the potential is absorbed into local education
systems with extensive programmes of training and
support. Resources and capabilities are also needed to
evaluate technology options; for example, what software
can be used, what can be adapted and what needs to be
developed for the national market? An uncritical willing-
ness to use what is available on the market, that is, mainly
foreign software in English, will eventually bring innova-
tive uses of ICTs into disrepute.
This is an example of the necessity for human resource
development. Decision-makers in senior public and
private positions need to be well informed about their
roles in realising the potential of ICTs, sta¡ must be
trained to develop successful ICTapplications, opportu-
nities for national companies to enter new markets must
be created, and the relationship between national ICT
strategies and other sectors, such as education, needs to
be carefully considered. The human resource develop-
ment component of an ICTstrategy requires oversight at
government and corporate levels. Although it is desirable
to have balanced representation across the many stake-
holder interests in the public and private sectors, this can
be very di¤cult to achieve.
The movement by African trade negotiators throughout
the WTO negotiations over basic telecommunication
Table 9.3 - Profiles of telecommunication operators in world top 40 by international telecommunication revenues, 1995
Rank in
top 40 by
internat.
telecom
revenue
1995
Company Internat.
telecom
revenues
US$million
1995
% change in
international
communication
revenues in local
currency
1994 -95
Internat.
revenues
as% of
total
revenues
Profit
before tax
US$million
1995
Profit as
% of total
revenues
Revenue
per
employee
State-
owned
%
11 Telmex
Mexico
1,452 24 27 1,471 27 110,480 0
15 Singapore
Telecom
1,287 9 45 1,394 49 270,798 82
17 DGTTaiwan 1,061 19 18 1,467 25 162,979 100
21 Embratel
Brazil
771 -5 53 231 16 121,921 100
22 China
Telecom
740 57 7 n.a. n.a. 16,431 100
24 Korea
Telecom
706 15 8 736 9 143,474 80
25 Telkom S.
Africa
674 25 20 410 12 60,467 100
29 Telintar
Argentina
641 -2 100 53 8 954,755 0
31 VSNL India 621 30 48 130 10 459,582 82
32 Rostelecom
Russia
584 20 33 505 29 50,119 51
33 PLDT
Philippines
575 10 60 271 28 52,017 0
36 Telekom
Malaysia
449 17 22 765 37 72,021 75
37 Indosat
Indonesia
422 11 92 266 58 202,655 65
Notes:With the exception of Singapore, India, South Africa andMalaysia, whose year end is 31March, 1996,Taiwan (Pr. China), whose year end is 30 June1996 and Argentina,
year end30September1996, figures are for the1995 fiscal year. Figures are converted toUS dollars at company fiscal year end.Domestic operators are excluded from the ranking.
Source: Adapted fromYankee Group estimates inCommunicationsWeek International, 25 November1996.
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services - particularly those from the IvoryCoast,Ghana,
Senegal,andSouthAfrica - o¡ers insights into their chan-
ging perceptions of the bene¢ts and costs of market liber-
alisation. At its onset, African negotiators pointed out
that the proposals for market liberalisation seemed to
o¡erquestionablebene¢ts to countries lackinga compara-
tive advantage in telecommunications. Nevertheless,
several countries that had been making domestic regula-
torychanges felt theywere in aposition toreapthe bene¢ts
of liberalised global trade in telecommunication services.
Over the course of the negotiations, these countries
tabled national schedules identifying areas for future
market access (see appendix to this chapter).
One of the most marked characteristics of these negotia-
tionswas the lackofactive participationby representatives
of the African states despite the role of supporting
funding bodies like the World Bank's infoDev.
12
The
International Telecommunication Union (1997) points
to several explanations, but perhaps the most accurate is
that not all countries have the American AT&Tor MCI
(Microwave Communications Inc.), or a BT (British
Telecom) plus some 150 competitors, as in the United
Kingdom, to provide evidence that market liberalisation
can bring economic advantages. The indirect economic
bene¢ts of liberalisation for an African state are also not
likely to be obvious. For example, international telecom-
munication revenues decline at the outset, new investors
maybe hesitant to enter themarket, public telecommuni-
cationoperator employmentdeclines, andthe technologi-
cal support for interconnecting national networks with
higher capacity networks and new sources of information
isnot available immediately.Nevertheless, some countries
in the African community had taken steps to reform their
markets before theWTOnegotiations.
For example, in Ghana liberal economic principles were
introduced, with privatisation in 1974 and signi¢cant
deregulation in 1987. Other African States had also
begun to liberalise their domestic markets over the past
decade. The WTO agreement provided an opportunity
to codify changes that have been introduced. In Ghana a
duopoly structure for facilities-based suppliers of local,
long distance, and international public voice telephone
services and private leased circuit services is to be main-
tained. In order to promote universal service, additional
suppliers of local services will be licensed to supply
under-served population centres, but the duopoly opera-
tors will be given ¢rst refusal. The exclusivity granted to
the duopoly operators will be reviewed by the regulatory
body. Competition in data transmission, telex, telegraph,
and fax, Internet access (excluding voice), ¢xed satellite,
teleconferencing, trunk radio, telecommunication equip-
ment sales, rental and mobile services, including cellular
telephone, mobile data, personal communication, and
paging are permitted. Ghana expects to participate in
global satellite services through arrangements with
licensed public telephone operators. Joint ventures with
national companies are required to o¡er services but
there is no speci¢c foreign equity limit.
The Ivory Coastwas one of the ¢rst African states to table
an o¡er to theWTO.Voice telephone service over a ¢xed
networkinfrastructure,andtelexarereservedtomonopoly
provisionuntil2005tobefollowedbyunrestricted compe-
tition. Open market access (without a phase-in period)
was o¡ered for all other basic telecommunication services
including data transmission, all mobile networks and
services, video transmission services and satellite
services, and earth stations.
Themonopoly for telephone service over ¢xed infrastruc-
ture, telex, and Integrated Services Digital Networks in
Morocco is reserved until December 2001. Foreign equity
participation may be limited (level as yet unspeci¢ed).
There is open market access for packet switched data
transmission, and frame relay, and licences for mobile
services will be issued by public tender.
Senegal plans to abolish its monopoly on voice telephony,
data transmission, telex, fax, private leased circuit
services, and ¢xed satellite services between 2003 and
2006.The authorities will review policy from 2003 with
respect to licensingother operators.Thenumberof opera-
tors will be limited to three in selected service areas, such
as cellular mobile services, including mobile data from
1998.The maximum number of licences for mobile satel-
lite services was to be established in1997.
South Africa intends to terminate monopoly supply and
introduce a second supplier by the end of 2003 in public
switched facilities-based services including voice, data
transmission, telex, fax, private leased circuits, and
satellite services. It will also investigate the feasibility of
allowing additional suppliers of public switched services
by the end of 2003. Mobile cellular services are to be
o¡ered under a duopoly arrangement and foreign invest-
ment in telecommunication suppliers is limited to just
under one-third.
Even though only a handful of African States decided to
participate in the WTO talks, their proposals signal that
they are being cautious. Despite commitments to break
up monopolies, the dates set for the introduction of
competition indicate that theysee aneedto allowfor inter-
nal changes and observation of the liberalisation experi-
ment before opening their markets to external companies.
These moves toward market liberalisation, tentative
though they are, raise several issues. What measures
should be taken to enable the African telecommunication
operators to compete against foreign or domestic-owned
competitors? What is the likely magnitude of bypass of
the national operators' networks by competitors and how
much hard currency will be lost? What are the opportu-
nities to provide services that will replace these revenues?
If the majority of African people remain disconnected
from the rest of the world as a result of high priced
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communication services and their lackof access to theGII
and its services, such as the Internet, other developing
countries are likely to have a similar experience. At
current rates of investment, a substantial number of the
poorest countries in the worldwill not see the `access gap'
close within the next 50 years (see Chapter 2). Some
governments may choose to give higher priority to invest-
ment in clean water and universal education rather than
ICTs.But for those choosing to construct theNII, innova-
tive means of opening up and keeping control of network
and service developmentwill be essential.
9.6 Opening up, but keeping control
The forces around ICTs run very strongly both in the
direction of opening up markets and keeping them su¤-
ciently closed to enable domestic control over priorities.
On the one hand, communication has long been inter-
national and open. On the other, telecommunication
services were established in a majority of countries after a
brief period of competition as entrenched monopolies.
Along with the supply of water and electricity, most
countries favoured large centralised telecommunication
systems. Historically, it was strategically advantageous for
countries and corporations to push for openness and
linkages between national systems while jealously
keeping control of conditions within their borders.There
is now a tug-of-war between those wanting to open these
systems to competition and to integrate them throughout
regions, and those wanting to conserve and protect local
ownership and sovereign standards and services (WTO
1997b; Melody 1997c). Can these interests and forces be
reconciled?
The pressures for opening up have been building very
quickly. In 1989, the International Telecommunication
Union drew attention to the need for major structural
adjustment in the sector(ITU1989).Theneedfor restruc-
turing to gain operational e¤ciencies and to stimulate
new service development in national and international
markets was stressed. Management practices had to be
changed and the workforce needed new skills. Large
amounts ofcapitalwerevital.Fewof thebene¢ts of liberal-
isation and privatisation of the telecommunication sector
can be reaped by developing countries unless measures
are taken to plan service development that re£ects the
characteristics of each country and region. Provisions
must be made to extend the infrastructure using the most
appropriate mix of technologies, and legislative and regu-
latory arrangements must encourage the appropriate
type and degree of competition in each country.
13
The cumulative gains fromcompetitionbetween1997and
2010 in terms of cost savings and quality bene¢ts for the
low income countries have been estimated at US$ 177
billion.Those for the high income countries are estimated
at US$ 523 billion (Petrazzini 1996).These estimates are
based on models that assume the presence of e¡ective
competition and, therefore, the presence ofan enforceable
governance regime. Development agencies have long
argued for the opening of telecommunication and
information technology markets, and now they and other
organisations are working in concert, with larger pools of
private capital toshape theICTenvironment in developing
countries. The telecommunication sector is particularly
attractive because it requires very large loans. This size
has o¡ered `in£uence out of all proportion to the size or
complexity of the investment'.
14
This in£uence was
intended speci¢cally to bring about privatisation and
international competitive bidding and to reduce ine¤-
ciency. The development banks have o¡ered a new kind
of discipline in the sector, talked directly to governments
(particularly in the context of the annual aid donor meet-
ings), provided the legal protection of cross-default
clauses, and generally acted as a catalyst to open up
markets while helping governments to retain the appear-
ance of control.
9.6.1 Opening up, seen from India
India presents a good example of the contradictory forces
which run through the ICT sector. Competition in the
Indian telecommunication sector was traditionally
heavily managed and not at all transparent. Use of
advanced applications of ICTs in the military, police, air-
tra¤c, and nuclear research communities began years
ago, followed gradually and unevenly by banks, tax agen-
cies, railways, airlines, etc. After ¢fteen years of pressure
from international agencies and internal interests
(buoyed by a vast public demandingmore telephones and
better service), in the late 1980s the Indian government
took steps to permitmore openbidding for telecommuni-
cation projects. Following the urging of the World Bank
in the early1990sthisprocessbecameformally transparent
and segmented so that markets and contracts in one State
were separated from those in others.
India has funded R&D for domestic ICT production for
manyyears, and the sale of telecommunication equipment
wasoneoftheprimeobjectives ofthispolicy.Indian suppli-
ers, for example, rebuilt the telecommunication system of
Kuwait after the Gulf War. The domestic market simply
could not be protected as it had been in the past.
Seen from the point ofview of Indian industrial interests,
this opening up bypassed the log-jam around long-term
infrastructure capital supplies in the country that were
committed to dams, roads, etc., and which international
investors were unwilling to touch. Telecommunication,
like the power sector, could attract and absorb large quan-
tities of foreign investment precisely when a tide of inter-
national capital was available.The idea was `to promote a
quantum leap' in communication, and to have the results
of this `leap' in£uence other sectors of the economy.
15
Inrecentyears,competitionbetween international suppli-
ers with their local partners has become ¢erce. Some
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licences were sold by auction at higher than anticipated
prices, and some by other means, involving large unrec-
orded transaction costs to in£uence the decisions. The
process of alleged in£uence-buying involved local and
state o¤cials, and agents/consultants, but also people at
the top. The large scale of these unrecorded transaction
costs came to light in anAugust1996 raid on the residence
of the former Minister of Telecommunication. Bribery
scandals had surrounded international competition in
other sectors, for example, automobiles, but there had
been little awareness of the scale of in£uence buying in
the telecommunication sector (Crook1997).
Sensitive to the consequences of bribing senior o¤cials,
but not wanting any reduction in services, questions were
raisedaboutwhether thehiddencosts ofopen competition
were being passed on to consumers by the competitors.
India has always had strong regional variations, and the
telecommunication system and its ailments have re£ected
these.Advocates ofa state-segmentedmarket for telecom-
munication, pointing to regional needs such as the large
computer software industry around Bangalore, have
confronted the centralised decision-making system in
New Delhi. The contracts themselves have come under
scrutiny, and doubts have been voiced about whether the
best resultshavebeenachievedbecause of the lackof trans-
parency. There is no doubt that the process was ¢ercely
`competitive'.
9.6.2 Bypassing the old ways with wireless
communication
Sri Lanka presents an interesting example of a country
moving quickly into wireless communication. By 1997
thegovernmenthadlicenseda¢fthcellular radio operator,
indicating strong international competition and local
popularity of the service.W|reless technology avoided Sri
Lanka's slow-to-develop terrestrial ¢xed system where
the waiting period after payment was up to eight years,
and was ideal in a dangerous war-torn society. W|reless
technologies also enhanced surveillance capabilities for
national security. Sri Lanka `opened up' communication
on demand. Although Sri Lanka is a densely populated
country with a good wireless morphology, it is unclear
whether the country can support all these operators
(Schwartz1996).
Shouldwireless, because it is potentially a bypass techno-
logy, be largely unregulated, or is there a useful role for
regulation and management of wireless communication?
The radio spectrum is a limited common resource, albeit
one that is self-renewing after use.The disadvantages of
unmanaged competition are considerable. If funds and
licences are provided for too many operators then there
may be a loss of bene¢ts accruing to governments in
comparison to those if the optimal number of licences
wereawarded.Missedopportunities includethe introduc-
tion of bene¢cial rate structures, establishing new areas
of service, promoting local training, and participation in
technicaldevelopment. In addition, some quali¢ed opera-
tors may choose not to invest if too many licences are
awarded because of the uncertainty of recovering their
investment.
India also auctioned wireless licences, but these are
con¢ned to the four major cities where the waiting time
for a telephone line has been reduced to one year. W|th
tari¡s nine timeshigher thanfor ¢xedtelephones,wireless
in these Indian cities is not an attractive alternative to
waiting a year for a telephone line. The high prices paid
for wireless licences in auctions have squeezed service
providers who now must wait for a luxury urban market
to grow. Rural mobile wireless remains expensive and the
rural population is deemed to be too poor to support it.
9.6.3 Zones of silence?
In 1984, the widely circulated `Missing Link' report
observed that `in a majority of developing countries the
telecommunication system is inadequate to sustain essen-
tial services' (ITU 1984: 3). It was estimated that to
achieve its target for all the world's people to be brought
within easy reach of a telephone by the 21
st
century, an
investment of about US$ 12 billion a year would be
needed. In the intervening period investment has
occurred in countries like India and Sri Lanka and some
of the missing links are being put in place. However there
is also the potential for the emergence of new `zones of
silence'as suggested in Box 9.2.
These zones of silence will only be ¢lled with productive
sounds that resonate with local cultures if speci¢c e¡orts
are made to resolve the tensions between opening up and
maintaining control over the NII. The two opposing
tendencies - opening up and keeping control - are never
fully reconciled but remain in constant con£ict. The
global economy sometimes favours large open structures
like the GII. And yet that favouring nurtures the seeds of
disfavour. Market opening, competition, decreasing the
control ofstates,and increasingcontrolbycorporate inter-
mediaries are the processes of globalisation. But the
desire to reassert local control andsovereignty is not extin-
guished by acceding to openness, and may in fact be
increased and ampli¢ed by it. This process is built into
the structure of the relations between rich nations and
regions, and poor ones, and into the interplay of techno-
logy, capital, people in markets, and states. No individual
would relinquish the pursuit of either tendency, andmost
would hope skilfully to play one o¡ against the other.
Planners and advocates need to be prepared for a continu-
ing contest between these forces which will be visible in
the international community whether in the WTO, the
ITU or other international bodies, in regional fora, and
national groups.
The future is likely to bring amixedpicture inwhich there
is an interplay among various aspects of the visions for
the GII. The instability and tensions created within
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scenarioswhere there is local success but little global inte-
gration may also permit a `virtuous spiral of di¡usion'.
Di¡usionwill bringmany bene¢ts for economic and poli-
tical development and perhaps for cultural development
as well. But this `virtuous spiral' will coexist with two less
attractive tendencies.The ¢rst is the spread of cybercrime
and surveillance.The second is the risk of a continuation
in some areas of a sense of futility. These negative
outcomes may be avoided as a result of cooperation
which emerges in the optimistic visions of the GII.
However, this will only occur as a result of active ICT
policy measures initiated by national governments and
other interested stakeholders.
9.7 Conclusion - Governance regimes for
innovative `networlds'
It cannot be assumed simply that the governance system
for ICTs that is emerging in the wake of recent develop-
ments in international markets and the institutional set
up will bene¢t developing countries and especially the
least developed countries. Some developing countries
certainly do stand to bene¢t, and in some cases very
considerably.Evidence of the rapiddi¡usion of infrastruc-
ture and services is clear especially in the newly industria-
lising economies in SouthEast Asia.
For other developing countries, and particularly those
least developed and small countries that cannot devote
substantial time to monitoring and participating in the
developments on the global stage, the greatest need is to
establish more e¡ective ways of ensuring that their
`voices' are heard. Changes in markets and governance
regimes must take account of their circumstances.
W|thout substantial investment in physical and human
capital, some of these countries will be excluded from the
potential bene¢ts of ICTs.
In the optimistic `Networld' scenario developed by
members of the UNCSTD Working Group on IT and
Development, the principles of equity, open access, and
fair competition are features of the new global system of
governance. By about 2005,`the major intergovernmental
organizations seek new agendas, new missions, and new
sources of revenue ... At the end of the scenario period,
poverty anddeprivation still remain.But the international
system is not only supportive but also knowledgeable'
(Howkins and Valantin 1997: 43). National and regional
governmental organisations and the private sector work
in cooperation to take advantage of many of the bene¢ts
of ICTs.
In other scenarios it ismuch less likely that the investment
in people and technologies necessary to enable excluded
and marginalised people to bene¢t from ICTs will take
place or, if it does, it is not likely to do so in an open coop-
erative international environment. The UNCSTD
Working Group members who developed the scenarios
felt that a `Netblocs' scenario was most realistic in the
Box 9.2 - Zones of silence in the GIS
Although India's telecommunication system is growing
steadily, there is a particular district which is one of the
poorest in India, where there are about 300 telephones for
one million people (most of them permitting only local
calls); there are about ¢ve computers (one each on the desk
of the chief government o¤cer and the chief of police).This
absence of ICT does not cause the poverty - poverty is much
older than that - but it reinforces it. As the national system
grows and surrounds it, perhaps this district will become, in
time, a zone of silence.
next decade. In this scenario, ICTs di¡use rapidly and
many people become connected to theGII. Several major
groups or blocs emerge based on shared cultures and
languages.These include theOECDcountries, the newly
industrialising countries of Asia, the countries and terri-
tories around the Indian Ocean (South Africa, the Gulf
States, India,Malaysia, and Singapore), the Francophone
countries in Africa, the Latin American countries, and
other blocs based on Islam and the Chinese characters,
Eastern Europe, and Russia with the former AsianUnion
of Soviet Socialist Republics. However, the blocs are
competitive and divisive andmany countries are too poor
to maintain any association with a bloc. The countries
within blocs are successful in creating innovative `know-
ledge societies' re£ecting their histories, cultures, and
business traditions. However, because of the tensions
between them and the exclusion of the poorest countries,
themarket and the system of governance arevery unstable
(Howkins andValantin1997).
Thekeyelement in these two scenarios is that stakeholders
and national governments take positive steps to put ICT
strategies in place.These strategies set priorities for ICT
development and help to ensure that the institutional set
up and governance system contribute to capabilities for
constructing national information infrastructures.
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Notes
1 For discussions of ICT governance issues see Mansell
(1996a),Hawkins (1992)andZacherandSutton (1996).
2 WorldTel is chaired byMr Satyen Pitroda and advised by
NatWestMarkets. Itaims to raiseprivate sector investment
for telecommunication in the developing world and is in
active discussion of projects in Bangladesh, Brazil, China,
India, Kenya,Mexico, Pakistan,Tanzania, Uganda, and
Zimbabwe.
3 The association operates using three o¤cial languages and
publishes work in these languages. Association
Internationale des Etudes et Recherches sur l'Information
et la Communication (AIERIC), Associacio
Internacional des Estudios de Comunicacion Social
(AIECS). Two sections of the association, communication
technology policy and the political economy of communica-
tion have generated detailed studies of the emerging ICT
governance system.
4 A domain name is any name representing any record that
exists with the Domain Name System, for example .com,
and a domain has name server records associated with it.
Theremay be subdomains orhosts beneath the name.
5 Key issues arediscussed inKahin(1996),KahinandKeller
(1996), Branscomb and Keller (1996), and Kahin and
W|lson (1997).
6 In 1995, the GII-Agenda for Action was released in the
United States. In February 1995, the G-7 held an
information summit and agreed 11pilot projects to demon-
strate the potential of the information society, including
projects on cross-cultural trainingand education, electronic
libraries, environmentalandnaturalresourcemanagement,
global healthcare applications, and maritime information
systems. In May 1996 the Information Society and
Development Conference (ISAD) was held in South
Africa and theGIIC began to talk again of the promise of a
`New World Information Order', a concept abandoned in
the1970s and early1980s when its use by developing coun-
tries made it a target for con£ict between the interests of the
industrialised and developing countries.
7 General obligations included in the text require transpar-
ency in domestic regulation (Art. III) where such regula-
tions do not discriminate among foreign suppliers (Most
Favoured Nation rule - Art. II), rules on government
procurement (Art. III), guidelines for monopoly provision
of services (Art. VIII), as well as a dispute settlement
mechanism (Art. XXII and XXIII). In addition to these
principles, which apply to regulations governing all
services, governments may make speci¢c liberalisation
commitments by listing them in national schedules. In this
way, governments take on two additional responsibilities.
Firstly, they cannot erect further barriers to market access
and, secondly, they agree to provide equal treatment for
domestic and foreign ¢rms - the national treatment rule.
8 TheAnnexcoversaccess to,anduseof, thepublic telecommu-
nication and transportation network.
9 The commitments will be annexed to the 4
th
Protocol of the
General Agreement on Trade in Services. The General
Agreement on Trade in Services (GATS) consists of 29
articles, 8 annexes, and other schedules of commitments on
speci¢c services or service sectors. Obligations include most
favoured nation treatment which prohibits members from
discriminating amongst themselves, or from treating other
members less favourably than any other country, regardless
ofmembership;domestic regulation, the treatment ofmono-
polies, and exclusive service providers and the removal of
restrictive business practices. Countries submit exemptions
from most favoured nation treatment: for example, the
United States exemption on one-way satellite transmission
of DTH (Direct to Home) and DBS (Direct Broadcast
Satellite) services and digital audio services; Brazil -
distribution of radio or television programming directly to
consumers; Argentina - supply of ¢xed satellite services by
geostationarysatellite;Turkey - twoneighbouring countries
with respect to fees for transit land connections and use of
satellite ground stations; Bangladesh, India, Pakistan,
Sri Lanka, and Turkey to permit Government, or
Government-run, operators to apply di¡erential measures
such as accounting rates in bilateral agreements with other
operators or countries; Antigua and Barbuda to extend to
nationals of other CARICOM (Caribbean Common
Market) member countries treatment equal to its own
nationals.
10 Ranks are basedondata excluding governments thatare not
WTO members and applying a single rank for the
European Union member states based on their combined
total.
11 The ITA covers ¢ve main categories: computers (including
printers, scanners, monitors, hard-disk drives, power
supplies, etc.), telecom products (including telephone sets,
fax machines, modems, pagers, etc.), semiconductors
(includingchipsandwafers), semiconductormanufacturing
equipment, software (discs and CD-ROMs), and scienti¢c
instruments.
12 The Information forDevelopmentProgram (infoDev)was
mandated in early1995 with the task of helping developing
countries integrate fully into the information economy by
bene¢ting from the promise of information technology.3
13 More detailed studies of developing countries are found in
Hudson (1992), Petrazzini (1995), and Mody et al.
(1995).
14 R.S. Anderson personal communication with Asian
DevelopmentBanko¤cial,Vancouver, February1997.
15 R.S. Anderson personal communication with Indian tele-
communication investment analyst, Vancouver, February
1997.
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Table 9.4 -Telecommunication revenue 1995 forWTO members with offers as of 15 February 1997
9.8 Appendix -WTO group on basic telecommunication
Country US$million % share of
world total
Ranking
United States 178,758.0 29.70
European
Union
170,166.0 28.27
Japan 93,855.0 15.59
Australia 11,403.0 1.89 Top Five
Canada 10,689.0 1.78 77
Switzerland 8,889.0 1.48
Korea (Rep.of ) 8,728.0 1.45
Brazil 8,622.0 1.43
Mexico 6,509.0 1.08 Top10
Argentina 6,009.1 1.00 84
HongKong 5,113.0 0.85
India 3,818.0 0.63
South Africa 3,675.0 0.61
Norway 3,234.0 0.54 Top15
Indonesia 2,735.0 0.45 97
Singapore 2,540.0 0.42
Israel 2,249.0 0.37
Poland 2,162.0 0.36
Malaysia 2,097.5 0.35 Top 20
NewZealand 2,091.0 0.35 89
Thailand 2,040.0 0.34
Turkey 1,674.0 0.28
Venezuela 1,594.0 0.26
Chile 1,321.0 0.22
Colombia 1,213.0 0.20
Peru 1,139.7 0.19
Pakistan 1,045.0 0.17
Philippines 982.0 0.16
Czech
Republic
890.0 0.15
Hungary 770.0 0.13
Morocco 659.4 0.11
Country US$million % share of
world total
Ranking
Romania 423.1 0.07
Ecuador 332.4 0.06
Slovak
Republic
320.5 0.05
Jamaica 313.6 0.05
Tunisia 263.2 0.04
Bulgaria 232.5 0.04
Sri Lanka 218.6 0.04
Guatemala 197.2 0.03
Bangladesh 194.9 0.03
Trinidad and
Tobago
162.6 0.03
El Salvador 153.3 0.03
PapuaNew
Guinea
141.4 0.02
Ivory Coast 138.2 0.02
Iceland 132.5 0.02
Senegal 107.5 0.02
Bolivia (1993) 104.6 0.02
Mauritius 104.3 0.02
Ghana 65.0 0.01
Brunei
Darussalam
61.4 0.01
Belize 37.8 0.01
Antigua and
Barbuda
n.a. n.a.
Dominican
Republic
n.a. n.a.
Dominica n.a. n.a.
Grenada n.a. n.a.
Total 550,375.3 91.44
World Total 601,900.0 100.00
Source:WTO (1997d).
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Table 9.5 - Country and territory commitments - Group on basic telecommunication of the WTO, 1997
As of1998 - 47 countries permit foreign ownership or control of all
telecommunications services and facilities
1998 Australia (except Vodafone and Telstra), Austria,
Belgium (except state-owned company), Chile (except
local service), Colombia, Denmark, Dominican
Republic, El Salvador, Finland, France (except France
Telecom), Germany, Guatemala, Iceland, Italy (except
Stet), Japan (except KDD andNTT), Luxembourg,
Netherlands, NewZealand (except 49.9% limit in
TelecomNZ for any one single foreign entity), Norway,
Spain (except Telefonica), Sweden, Switzerland,
Trinidad andTobago, United Kingdom, andUnited
States
1999 Peru, Portugal
2000 Argentina, Ireland, Singapore,Venezuela
2001 Bolivia, Czech Republic
2002 Hungary, PapuaNewGuinea
2003 Greece, Romania, Slovak Republic
2004 Bulgaria, Mauritius, Pakistan
After
2004
Ivory Coast, Grenada, Brunei, Antigua and Barbuda,
Bangladesh, Jamaica
10 countries and territories permit foreign ownership or control of
certain telecommunication services
Brazil 100% for non-public services; 100% for cellular and
satellite services after 7/99
Canada 100% for resellers and mobile satellite service
providers; 100% for fixed satellite services as ofMarch
2000;
100% for submarine cable licences as of 10/98; 46.7%
on all other services.
Ecuador 100% cellular only
Ghana only in joint venture withGhanaian nationals
Hong
Kong
100% for resale of voice, data and fax, closed user
groups
Israel 80%for cellular; 74%for international services; 100%
for value added services
Korea
(Rep.of )
100% for resale in 2001; 33% for facility providers
except KoreaTelecom (20%) until 2001, thereafter
49%
Mexico 100% for cellular services; 49% for all other services
and facilities
Poland 100% for local wireline (voice and data); 49% for
wireless, international and long distance voice/data
Tunisia Telex, data transmission in1999; mobile, paging and
teleconferencing in 2000; and local service in 2003
10 countries do not permit foreign control
India-25%
Indonesia-35%
Malaysia-30%
Philippines-40% for all services
Senegal-35%
South Africa-30%
Sri Lanka-35%
Thailand-20%
Morocco-unbound
Turkey-49%
53 countries guarantee market access to international
telecommunication services and facilities
1998 Australia, Austria, Belgium, Canada *, Chile,
Denmark, Dominican Republic, El Salvador, Finland,
France, Germany, Guatemala, Iceland, Italy, Japan,
Republic ofKorea*,Luxembourg,Malaysia * - through
existing suppliers,Mexico,Netherlands,NewZealand,
Norway, Philippines*, PapuaNewGuinea, Spain by12/
98, Sweden, Switzerland,Trinidad andTobago,United
Kingdom and the United States.
1999 Peru
2000 Argentina,Venezuela, Ireland, Singapore, Portugal
2001 Czech Republic, Bolivia
2003 Poland, Greece, Slovak Republic, Romania
2004 Mauritius, Hungary
2005 Bulgaria, Indonesia*
2006+ Turkey, Senegal, Grenada,Thailand, Brunei, Antigua
and Barbuda, Jamaica (2013)
6 countries and territories are open for selected international
services
Brazil* open for all non-public services for closed user groups
not connected to the public switched network, but will
have legislation covering public and non-public.Must
route through Brazilian gateway.
Ivory
Coast
analogue cellular, mobile, Personal Communication
Service, and non-voice satellite based services, data
transmission and private leased circuit services.
Hong
Kong
resale of voice, data and fax, call back and closed user
groups
Israel open for switched resale, fax and private networks
Pakistan* telex and fax
Ghana closed user groups
(*) countries maintain foreign investment limits below control.
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Table 9.5 continued - Country and territory commitments - Group on basic telecommunication of the WTO, 1997
8 countries have limited or no market access commitments
for international services
Colombia (subject economic needs test), Bangladesh, Ecuador,
India (subject to review in 2004), Morocco, South
Africa (duopoly), Sri Lanka (duopoly),Tunisia.
42 countries guarantee market access for services and facilities
(domestic and international) for satellite service suppliers
1998 Australia, Austria, Belgium, Chile, Colombia,
Denmark, Dominican Republic, El Salvador, Finland,
France, Germany, Guatemala, Iceland, Israel, Italy,
Japan, Republic of Korea, Luxembourg,Malaysia,
Netherlands, NewZealand, Norway, Spain12/98, Sri
Lanka, Sweden, Switzerland,Trinidad and Tobago,
United Kingdom, United States.
1999 Peru
2000 Argentina,Canada (for fixed,1998 for mobile), Ireland,
Singapore,Venezuela, Portugal
2001 Bolivia, Czech Republic
2002 Mexico, Bulgaria (all public services by 2004)
2003 Greece, Hungary, Poland, Romania, Slovak Republic
2004 or
after
Brunei, Indonesia, Jamaica, Grenada,Thailand,
Turkey, Senegal
6 countries and territories guarantee market access for selected
services and facilities for satellite service operators
Brazil open for all non public domestic and international
services for closed user groups not connected to the
public network. Requirement to route all international
traffic through gateway in Brazil. Brazilian or foreign
satellites can be used but preference given for Brazilian
satellite supply when they offer better service or
equivalent conditions. No foreign ownership
restrictions after 7/99.
Ivory
Coast
open for all services except fixed voice and telex
Ghana open for global mobile, open for domestic fixed
(excluding public network) through joint ventures with
Ghanaian nationals.
Hong
Kong
open for mobile satellite services and self provision of
external satellite circuits by a company or closed user
group. Interconnection to public switched network at
HongKong end not permitted.
Mauritius open for GMPCS.
South
Africa
will schedule commitments within one year of
adopting legislation at national level.
9 countries have no market access commitments for satellite service
operators
Antigua and Barbuda,
Bangladesh,
Colombia,
Ecuador,
India,
Morocco,
Pakistan,
Philippines.
54 countries and territories guarantee pro-competitive regulatory
principles
Antigua and Barbuda, Argentina, Australia, Austria, Belgium,
Brunei, Bulgaria, Canada, Chile, Colombia, Ivory Coast, Czech
Republic, Denmark, Dominican Republic, El Salvador, Finland,
France, Ghana, Germany, Greece, Grenada, Guatemala, Hong
Kong, Hungary, Iceland, Indonesia, Ireland, Israel, Italy, Jamaica,
Japan, Republic of Korea, Luxembourg,Mexico, Netherlands, New
Zealand, Norway, Papua NewGuinea, Peru, Poland, Portugal,
Romania, Senegal, Singapore, Slovak Republic, South Africa,
Spain, Sri Lanka, Sweden, Switzerland,Thailand,Trinidad and
Tobago, United Kingdom, United States.
3 countries commit to adopting pro competitive regulatory
principles in the future
Brazil, Bangladesh,Mauritius
8 countries adopt some pro-competitive regulatory principles
Bolivia, India, Malaysia,Morocco, Pakistan, Philippines,Turkey,
Venezuela
Source:WTO (1997d).
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10. Institutional innovations for the governance of information
services
10.1 Introduction - Balancing social and
economic interests
The internationalgovernance systemhas avery important
impact on capability-building and the construction of the
national information infrastructure. Chapter 9 looked at
the governance systemfor the underlying communication
infrastructure.This chapter looks at the institutional set
ups and the `rules of the game' that are being established
for the content and information. It should not be
assumed that the governance system for digital inform-
ation will automatically bene¢t developing countries.
Some developing countries, especially the newly indus-
trialising economies in South East Asia, stand to bene¢t
from the newly negotiated agreements that are shaping
global information £ows. For other countries in the
developing world, the evidence is either ambiguous, non-
existent, or suggests that these developments embody the
seeds of new processes of social and economic exclusion.
This chapter reviews recent internationaldevelopments in
the area of copyright protection (section10.2) and electro-
nic commerce (section10.3). In both cases the interests of
the producers and users of information are contrasted. In
section10.4 the implications of the growth in the interna-
tional markets for information services and the role of
the Internet are considered from the perspective of
public policy interests in governance, social control, and
the protection of personal privacy.
10.2 Intellectual property rights in `digital'
information
The shift toward knowledge-based economies has meant
that the law and economics of intellectual property rights
have changed more in the last ¢ve years than in the last
two centuries (Acheson andMcFetridge1996).The activ-
ities of creating, distributing, and using digital forms of
information are of growing importance in the lives of citi-
zens, consumers, and businesses. Intellectual property
laws extend the right of property protection to inventions,
literary and artistic works, and trade marks. Intellectual
property protection attempts to balance society's interest
in thedisclosure anddisseminationof ideaswith an exclu-
sive right to control andpro¢t from invention and author-
ship. It is possible to have too little protection, or too
much, and for some people to be disadvantaged while
others gain.There are inconsistencies between the goal of
achievingthewidestpossible use ofelectronic information
services and the enforcement of strong intellectual prop-
erty protection.The social and political choices regarding
the granting of intellectual property rights are made
more complex by technical innovations that are making it
possible to bring together voice, text, audio, and visual
materials within common digital formats and to copy this
material inexpensively and accurately.
Asnetworks are increasingly interconnected it is feasible to
distribute the world's stocks of information around the
globe. The major producers of information products
(including software) are becoming very active in seeking
strong intellectual property protection and they are
calling upon governments to ensure that international
conventions and national legislation are updated and
enforced.The cost of reproducing electronically encoded
information is very low. However, the cost of the `¢rst
copy' of a ¢lm, broadcast programme, book, multimedia
programme, on-line database, or other information
product, is relatively high.The majority of these products
are produced in the industrialised countries. Firms and
governments have been changing the governance regime
for intellectualpropertyprotection inresponse tothepres-
sure from those who stand to gain from stronger enforce-
ment.
The degree to which this regime will be strengthened in
anygivencountrydepends on its economic circumstances
and its perception of the social and economic costs and
bene¢ts of greater protection.Some developing countries
are heavily dependent on access to information services
from external sources. Others are seeking to expand
production of information products including software,
broadcast programming,¢lms, anddatabases, for domes-
tic consumption or external markets.They are interested
in providing improved protection to local producers.
Most countries are signatories to the international
conventions that o¡er intellectual property protection,
but some developing countries do not have enforcement
institutions in place. Enforcement requires public
resources and there are many competing claims on law
enforcement expenditure. Policy-makers in developing
countries are in a di¤cult position. They must decide
how to respond despite the absence of empirical evidence
on the economic costs and bene¢ts of changes in existing
policy and practice.
10.2.1 Protecting economic interests and
encouraging innovation
The General Agreement on Tari¡s and Trade (GATT)
Uruguay Round of negotiations put the relationship
between intellectual property protection, economic and
social development, and innovations in ICTs, high on the
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policy agenda (Correa1998 forthcoming). Over the years,
the systemofprotectionwhichapplies to intellectual prop-
erty has shifted from protection for inventors (authors)
toward a system that encourages investors and the
commercialisation of information products on an inter-
national scale.This shift has accompaniedthe rapid devel-
opment of ICTs.Historically, the protection of intellectual
property has been said to be necessary in order to create
incentives for scienti¢c and technical progress which
bene¢ts the public interest.
Bygranting economic rights to the creator of intellectual works,
information would be created and disseminated, and thus a
number of other social and economic objectives would be
achieved. In this model, not only were other societal goals
understood to be furthered fostering the learning environment,
these goals were also seen to be mutually compatible and self-
reinforcing (US Congress O¤ce of Technology Assessment
1992: 38, 56).
However, as PaulDavid has argued:
... even if the rhetoric of argument occasionally appeals to
notions of justice and equity, modern economic analysis, and
its characteristic preoccupation with questions of e¤ciency,
now set the terms for policy discussions about the protection of
intellectual property (David1993:20).
As the emphasis has shifted to e¤ciency and away from
invention, intellectual property protection has become
more concerned with problems arising from the `misap-
propriation'of intellectual products, thanwith the incen-
tives for creative production of information or the social
value ofusing information that has been produced.
The Agreement onTrade-Related Aspects of Intellectual
Property Rights (TRIPS) was negotiated as an outcome
of the Uruguay Round in 1995. A major objective was to
establish minimum standards for the protection of intel-
lectual property. Developing countries negotiated for and
won a period of grace of four years (the least developed
countries, ten years) before the provisions of theTRIPS
agreement come into force. However, they were expected
to implement some aspects of the agreement concerning
market access and the treatment of information products
produced in external markets (national and most-
favoured-nation treatment). In exchange for the `grace
periods', the industrialisedcountries obtained transitional
periods before they are to comply with obligations in the
agriculture and textiles sectors.
TRIPS a¡ects access to computer programs, software
development technologies, and commercially available
software products. It puts limits on reverse engineering
and extends the patent system to protect certain elements
of software (for example, translations from one language
to another, graphics displays on a computer screen,
measurement techniques for the performance of general
purpose computers) (Fishman 1994). These develop-
ments have major implications for developing countries
as to whether they can access ICTs and learn how to
develop them for their own needs. Greater protection
means that developing countries must pay the market
price for externally produced software. Being without the
resources to enforce protection, many developing coun-
tries have not implemented national legislation to cope
with the ICTrevolution. For example, in the ¢eld of inte-
grated circuit design very few developing countries have
legislation to protect such designs although all World
Trade Organization (WTO) members have an obligation
to do this. Copyright enforcement a¡ects information
services, databases, and the information and software
available on the Internet and other networks.
Apotential creatorof information in a developingcountry
may be a member of one or more social and economic
groups. Depending on the group, the creator will have a
di¡erent perspective on the bene¢ts and costs of the
enforcement of intellectual property rights. For example,
many individuals bene¢t from information distributed to
the `public domain', that is, without ownership or owned
equally by everyone (Mansell and Steinmueller 1995,
1996b). When people use public domain information
they make little or no use of copyright protection.
Contributors to the public domain bene¢t from the dis-
semination of their work in ways that are indirectly
related or unrelated to their receipt of revenue or income.
Social groups using the public domain also include users
who create information for personal and commercial
reasons.
A substantial amount of information provided on the
Internet and commercial bulletin board services is non-
commercial. Examples of this type of interest in inform-
ation include the researcher who wants to disseminate
scienti¢c data, an individual exchanging political view-
points, or a teacher sharing insights on education. This
group supports the inexpensive distribution of inform-
ation and again has little use for, or interest in, copyright
protection. Citizens and researchers in developing coun-
tries may bene¢t from the growing size of information in
the public domain available over international networks.
However, they face high charges because of the relatively
high costs of software and PCs and telecommunication
costs in relation to their incomes. Paying royalties due to
copyright holders could put useful information out of
their reach regardless of its potential value.
Another group uses copyright protection to control the
content of intellectual works, but still bene¢ts from the
wide dissemination of copies. Creators in this `indirect
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revenue' group are interested in distributing information
without direct payment. However, the creators expect
that the distribution of information will increase their
revenues or income.This group includes businesses that
expect certain types of information to improve their posi-
tions with investors, the public at large, and customers.
Sophisticated ways of exposing individuals to advertising
and promotion messages using the Internet are emerging
as new sources of revenue for this group.This group has a
substantial interest in preventing any alteration to the
information provided.
The last group of potential information creators seeks
direct control over selling and buying information.
Producers in this `direct revenue' group need a means of
protecting the value of information and preventing
others from obtaining it without payment.This group is
interested in a high level of intellectual property protec-
tion. Success for the companies in this group is based on
winning a share of existing markets or creating new ones.
These groups have very di¡erent interests in the enforce-
ment of copyrights. Information producers in the `public
domain' group simply want to retain some credit for their
work. This group comes into con£ict, particularly with
the `direct revenue' group, because strong intellectual
property protection and enforcement are likely to result
in an increase in liability for those who are found to have
infringedand in the risk that infringementwill be inadver-
tent or unintended. For individuals and ¢rms in develop-
ing countries the cost of infringement increases as
intellectual property protection is strengthened. These
costs may take the form of trade sanctions, threatened or
applied,orcosts to individuals or¢rms ofdefending them-
selves against claims of infringement.
For developing countries the choices are to increase the
level of monitoring and enforcement to avoid the risk of
increased liability, to insure against the risk of liability, to
acceptthe riskandhope to escape legal liability,or to trans-
fer the liability risk to another party.The ¢rst two options
directly increase the costs of information for the `public
domain' group (mainly citizens and researchers). The
second two may lead to higher costs depending on the
level of copyright enforcement.
Problems of intellectual property rights infringement
could lead to pressures to limit public access to national
information infrastructures.The alternative is to monitor
users of networks and to introduce enhanced security
procedures. Security measures lead to increasing costs
and the threat of compromises to user privacy. These
implications need to be considered as developing coun-
tries alter theircurrent intellectualpropertylaws and insti-
tutions. If stronger protection is introduced and enforced
it is likelytodisadvantagesomelocalusers justas itprotects
domestic information producing ¢rms.
The least developed countries will need to introduce
measures to improve conditions of access to existing
sources of scienti¢c, technical, andother forms of electro-
nic information.The options for these countries include:
] seeking to negotiate directly with intellectual property
rights holders for favourable country-wide licences for
software and other services that are deemed to be
`essential'. Essential information may take the form of
educational or scienti¢c information, information with
regard to health care, the environment, etc., or business
information.
] attempting to encourage competition between interna-
tional information suppliers to achieve the most favour-
able terms for the purchase of rights to information
products and services.
] considering whether the sanctions for intellectual prop-
erty right infringement are a su¤cient disincentive to
their exploiting available knowledge even if, outside
their sovereign territory, it is viewed as `ownedproperty'.
Strategies that promote production capabilities for ICT
products andservicesgenerallyareaccompaniedby stron-
ger intellectualproperty regimes.This brings local produ-
cers in developing countries who are targeting export
markets into con£ict with domestic users. Countries that
seek to strengthenuser capabilities through access to elec-
tronic information services will be less enthusiastic about
enforcing stronger protection for digital information
products.However, the threatof sanctions is considerable.
For example, potential users within countries may be
denied access to information services.This happened in a
case where America On-Line denied Russia access to its
services for a period pending the resolution of fraudulent
credit card practices.
International organisations providing assistance to devel-
oping countries could encourage and support technology
assessment programmes to determine whether adequate
software solutions and information access conditions are
available in the public domain to support applications
that are linkedwithdevelopmentobjectives.If de¢ciencies
are found, development assistance could be linked to
measures to reduce the costs. The technical expertise
could be oriented towards assisting developing countries
to formulate the best mix of proprietary (copyright
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protected)information tosupporttheirdevelopmentgoals
and to providing assistance in negotiating licences.
10.2.2 Legislation and international
governance
Stakeholders in the `direct revenue' group, the `copyright
industries' in the United States and Europe, have been
major catalysts for the intellectual property rights reform.
1
In the United States, the Information InfrastructureTask
Force `White Paper' on intellectual property rights of
September1995recommendedthe extension of copyright
protection in a way that would broaden the de¢nition of
reproduction to include temporary storage of works in a
computer's random access memory (RAM) (IITF 1995,
Kurtz1996).
2
Itwas also recommended that transmission
should be rede¢ned as a form of reproduction and distri-
bution such that any unauthorised transmission would
become an infringement of copyright law. Other recom-
mendations included measures to make on-line service
providers and bulletin board operators responsible for
monitoring information uploaded on their systems to
ensure that this information does not amount to an
infringement of the law. Information providers and
system operatorswould be liable to prosecution for infrin-
gement if protected material were to be found on their
systems (Cavazos 1996). These proposals have not been
favouredbyall theplayers in the informationor`copyright'
industries, but they indicate the strength of interest in
greater protection among some of the members of the
`direct revenue' group.
The existing Copyright Act in the United States permits
downloading of legally protected information as long as
this is not done for commercial reasons.This is known as
the doctrine of `fair use'. Reproduction with limitations
and conditions is permitted for research, teaching and
scholarship, comment and criticism, and news reporting.
The White Paper pointed to the `lacuna in the criminal
provisions' for such acts and recommended that it
become a criminal o¡ence to wilfully infringe a copyright
by reproducing or distributing copies with a retail value
of US$ 5,000 or more `regardless of the non-commercial
reason fordoing so' (IITF1995: 228-9).Theuse of techni-
cal means of protection, tracking transactions, and licen-
sing is expected to reduce the application and scope of
the `fair use'doctrine.These and other recommendations
are being debated by the United States Congress and
changes could be incorporated in the National
Information Initiative Copyright Act, an amendment to
the Copyright Act expected in1998.
In theEuropeanUnion legislativemeasures to strengthen
the protection of `digital information products' include
the 1991 directive on the legal protection of computer
programswhichextendedcopyrightprotection to compu-
ter software (Council of the European Communities
1991). Europe-wide consultations on the need to intro-
duce legislation to extend greater protection to inform-
ation delivered by electronic means resulted in the
European Commission's 1995 Green Paper on copyright
andrelatedrights(EuropeanCommission1995a).A direc-
tive on the legal protection of databases was accepted by
the European Council of Ministers in February 1996
(European Commission 1995b).This directive applies to
all works from non-European Union countries which
qualify for protection under the legislation providing that
reciprocal treatment is available to European information
producers in countries outside the Union. A sui generis
right of protection for15 years is available for databases in
which there has been a substantial investment in `obtain-
ing, veri¢cation or presentation' of the contents. This
language covers telephone directories for example and
the right extends to nationals of amember state or compa-
nies registered in a member state. Copyright protection
for literary, dramatic, and musical works produced by
nationals has been harmonised to protect works for the
length of the author's life plus 70 years, a term which is
longer than the protection available in the United States,
that is, the length of the author's life plus another 50years.
The intergovernmental organisationwith special respon-
sibility for intellectual property rights is the World
Intellectual Property Organisation (WIPO), a specialised
agency of the United Nations.WIPO administers inter-
national conventions for the protection of trademarks
andcopyrights ando¡ers assistance to countries in formu-
lating intellectual property protection (see Chapter 9).
3
In December 1996 theWIPO Diplomatic Conference on
Certain Copyright and Neighbouring Rights Questions
adopted two treaties, the Copyright Treaty and the
Performances and PhonogramsTreaty.These treaties are
regarded as responses to the challenges of digital techno-
logy, particularly the Internet.They provide an exclusive
right for authors, performers and producers of phono-
grams to authorise the making available of their works,
performances and phonograms, to the public by wire or
wireless means so that they can be accessed via on-
demand and interactive services.
The treaties incorporate provisions concerning technical
measures of protection and electronic rights management
(systems that track and bill for the use of protected mat-
erial). Attempts to remove or circumvent technical
systems of protection or to alter electronic rights manage-
ment systems in an unauthorised way will now be subject
tolegal remedies forsignatories to the treaties.The treaties
leave to national legislation the problem of determining
the territorial e¡ect of the exhaustion of rights with the
¢rst sale of a copy and the issue of whether parallel
imports are allowed (WIPO 1996a). The Treaty on
Performances and Phonograms contains other economic
rights of performers and producers of phonograms.The
treaties were open for signature until 31 December 1997
andwill enter into force three months after being rati¢ed
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by national governments (a process which is not necessa-
rily immediate).
The Conference was unable to reach agreement on the
rights of performers in the audiovisual recordings (or ¢xa-
tions) of their performances and called for another
session to discuss this issue. Delegates also did not
discuss a draft Treaty on Intellectual Property Rights in
Databases which would have granted protection to non-
original databases.
4
Referred to as the `basic proposal',
this would have created prohibitions for the `importation,
manufacture and distribution of protection-defeating
devices' along the lines advocated by the United States
Information Infrastructure Task Force. Some ¢rms,
including leading providers of information services and
computer and electronics manufacturers in the United
States, objected to these provisions arguing that they
woulddiscourage investment in themultimedia and elec-
tronics industries. Agreement would have established a
sui generis right for databases (similar to the European
Union directive on the legal protection of databases), in
addition to the protection that databases currently
receive (Union for the Public Domain 1996). The `basic
proposal' has generated much controversy among data-
base producers and the academic community. These
groups argue that extended protection would mean that
the use of data needed to produce their products or
academic works would have to be paid for and that this
would have a negative impact on the database business
and academic research.
Participation by developing countries in the proceedings
and negotiations leading up to amajor diplomatic confer-
ence, such as the 1996 WIPO Conference, is di¤cult
because of the numerous meetings and smaller discus-
sions which help to formulate national or regional posi-
tions. Analysis of the representation of developing
countries as compared to the industrialised countries at
the Conference provides some insight into the degree to
which developing country delegations are stretched.
Most developing countries have a small number of dele-
gates to monitor and participate in the debates on issues
Table 10.1 -WIPO Diplomatic Conference on Copyright, December 1996, delegates
Region No. of
participating
countries
No. of
country
delegates
Av. size of
delegation
Largest
delegation
Number of association delegates Total
delegates
Number
representing
private sector
companies
Number
representing
authors, per-
formers, etc.
Other, e.g.
education,
scientific
United States,
Canada,
Australia,
NewZealand
4 44 11 32 57 1 0 102
Japan 1 12 12 12 20 0 0 32
Western
Europe includ-
ing European
Union
23 120 4.57 9 25 10 2 157
Central and
East European
Countries
24 75 3.13 7 0 0 0 75
Middle East 5 19 3.80 9 0 0 0 19
Latin America
(plusMexico)
22 89 4.05 11 4 3 0 96
Asia/SouthEast
Asia/AsiaPacific
15 82 5.47 14 1 0 0 83
Africa 34 97 2.85 7 2 0 3 102
International
Associations
37 ^ ^ ^ 50 36 12 98
Total ^ 538 ^ 159 50 17 764
Notes: Eleven international associations could not be assigned to this classification. Largest delegations by country are for United States, Canada, Australia, New Zealand -
United States;Western Europe - UnitedKingdom, andGermany; Central and East European Countries - Russia and Croatia;Middle East - Israel; Latin America (plusMexico)
- Brazil; Asia/South East Asia/ Asia Pacific - Indonesia and Thailand; Africa -Tunisia.The European Commission had15 delegates.
Source:WIPO1996b.
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that will a¡ect their economic interests. In the regional
groupings, developing countries were represented by
relatively few coordinating institutions. The impact of
stronger intellectual property protection will be di¡erent
for each developing country. Nevertheless, compared to
the groups representingthe interests ofproducers, consu-
mers, and scienti¢c and education users of electronic
information in the industrialised countries, the develop-
ing countries are not well represented. Table 10.1 shows
the relative numbers of participants at the WIPO
Conference.
African organisations include theOrganisation ofAfrican
Unity with two delegates, and the Union of National
Radio and Television Organisations of Africa with three
delegates. Ethiopia had observer status. For the Latin
American region coordinating institutions numbered
only three (Asociacio
¨
n Argentina de Interprete
¨
s,
Caribbean Broadcasting Union, and the Ibero-Latin-
American Federation of Performers). For the Asian
regiononly theAsiaPaci¢cBroadcastingUnionwas repre-
sented.This compareswith the 22 associations represent-
ing the United States including Internet organisations,
the telecommunication and software industries, broad-
casters, ¢lm and video producers, musicians organisa-
tions, and the legal community. Of the 37 international
associations with representatives at the Conference a
review of the a¤liations of delegates suggests that they
were mainly, although not exclusively, people from the
industrialised countries. A relatively small proportion of
these organisations directly represented the interests of
the individual creators of information or the science and
education establishments with an interest in `public
domain' information.
A simple count of individual participants and coordinat-
ing institutions reveals nothing about those individuals'
and organisations' competencies. Nor does it reveal the
degree to which informal agreements were reached on
regional positions. Nevertheless, this analysis highlights
the scale of the challenge to monitor and participate in
international rule setting in relation to the numerous
other claims on people's time and resources in the devel-
oping countries.
The developments in the intellectual property protection
arena are signi¢cant for developing countries whowish to
become producers of `digital products'or touse externally
produced electronic information services and products
as tools and components of ICTapplications. On the one
hand, these provisions, together with those in the
Agreement on Trade-related Aspects of Intellectual
Property Rights (TRIPS), are expected to generate
greater incentives forlocal innovation indeveloping coun-
tries and attract foreign investors. On the other, higher
prices for protected technologies and information
products and restrictions on their di¡usion by imitation
or copying could have negative e¡ects. Developing coun-
tries need to `strike and sustain a balance between the
needs of innovative¢rms andtheir licensees for protection
from easy appropriation of their intellectual property, on
the one hand, and the needs of legitimate follow-on
competitors and consumers, on the other' (UNCTAD
1996c: 1)
One impactofstrongerprotection is a reductionof domes-
tic output and employment by ¢rms which have been
producing counterfeit copyrighted information products.
There could be longer term gains in improved product
quality for consumers and users (at higher prices) and
gains in employment and wages in other sectors. Some
studies have found no relationship between membership
of intellectual property rights conventions and treaties
and investment in developing countries or technology
transfer. However, a survey of potential investors from
the United States, Japan, and Germany has shown that
the perceivedadequacyof the intellectualproperty protec-
tion system in developing countries does have e¡ects on
decisions about whether to invest.
5
The bene¢cial e¡ects
of copyright enforcement are expected to accrue mainly
to thenewly industrialisingcountries andthe larger devel-
oping countries. There could be a net cost for the least
developed countries where there is little capacity for local
development of information services and products
(UNCTAD 1996c). These countries need to implement
intellectual property protection provisions in a way that
promotes `dynamic competition through the acquisition
and local development of technology in an environment
which is conducive to growth' (UNCTAD1996c: 4).
Another impact is the potential for arbitrage among coun-
tries with stronger andweaker enforcement regimes. Box
10.1 illustrates the di¤culties for enforcement once
protected`digital'products circulate throughglobal distri-
bution networks such as the Internet.
Box 10.1 - Digital technologies and intellectual property
protection
In November 1996, the popular British rock band, U2,
discovered that their new, but un¢nished songs, not due for
release until the spring of 1997, were being sold on compact
discs in street markets, as well as being distributed on the
Internet (Harlow 1996; Internet Magazine 1997). Earlier in
the sameyear, illegal copies of Italy'sSanRemomusic festival
were on salewithin days of the close of the prestigious music
festival.Theywere of better quality and hadmore songs than
the authorised version. Sales of digital intellectual property
transmitted on various distribution systems and produced in
numerous formats are global. Digital technologies facilitate
easy and large scale reproduction of digital information, and
rapid transmission and easy access (Tang1997b). In the case
of the U2 incident, it was a Hungarian-based site that was
found to be transmitting the songs. When it was closed
down by national authorities, new sites sprang up in Brazil,
Japan, andFrance.
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As theHungarian o¤cials sought to enforce existing legis-
lation, the protected material was sent across the network
to new sites in other countries. Countries that have not
complied with legal obligations to prevent this kind of
activity, become potential targets for sanctions (Kahin
andNesson1995).
10.2.3 Cryptography and other methods for
protection
Enforcement of strengthened protection for intellectual
property depends partly on the extent to which technical
means can be devised to prevent illegal copying of
information products and services. The `direct revenue'
group or the ¢rms representing the `copyright industry'
mainly in the United States have argued that measures
need to be adopted to combat copyright infringement
(Software Business Alliance 1995). Companies argue that
the frameworkwhich canprovide a legalpenalty for infrin-
gement of their ownership rights in information will
always lag behind the means of distributing and accessing
information. Digital content owners are turning to tech-
nology to supplement the law and to limit infringement
of their rights under existing law.
There are many systems for the protection of intellectual
works that are being used by content developers.
Electronic copyright management systems to protect
works integrate many di¡erent techniques to identify
their authors, and the owners of rights. They provide
information about the terms and conditions for the use of
works, provide billing systems, and track the royalties
paid to rights holders. Cryptography is the most widely
used method of protecting information from potential
infringement. Information is encrypted so that it is un-
usable until a `key' is applied.
Private keyencryption involves apre-established relation-
ship between the user and the source of information
before an encrypted document is transmitted. This kind
of encryption is limited to a one-o¡ transmission and is
regarded as being costly, time consuming, and complex
to implement.The `RSA standard', named after its crea-
tors, Rivest, Shamir, and Adleman at the Massachusetts
Institute of Technology, is a public-key system whereby
the sender uses a public key (belonging to the recipient
and available in a directory) to encrypt data. The second
key which belongs to the recipient is a private, secret key
that is used to decrypt data. To authenticate a message
the sender attaches a digital signature that can be veri¢ed
by the recipient. Another encryption technique links
pro-tected material to a computer containing a code that
enables the user to view the text and graphics, or listen to
music.Togainaccess,a specialkey(passwordor identi¢ca-
tionnumber) isneeded.CD-ROMpublishersuse encryp-
tion software packages to protect their disks or to limit
access to speci¢ed groups of users. Software encryption
and a unique laser treatment are being used to make
copying of CD-ROMs very di¤cult.
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For advanced CDs,
such as digital versatile disks (DVD), encryption is being
used to protect their contents and to segment global
markets into regions. For example, separate regional
codes are being introduced so that a DVD bought in the
United States will not play in France. DVD players are
being developed for regions containing circuitry that will
recognise disks designed only for a speci¢c region.
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Watermarking audiomaterialwith a code numberdoes not
a¡ect the sound quality of a recording but o¡ers a method
of establishing whether the material has been used by a
non-licensed user.
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Holograms are being developedwhich
are embedded in CD or CD-ROMpackaging or media to
authenticate the legitimacy of a copy. Means have been
devised to limit the reproduction of digital media by
making it impossible, for example, to produce a second
generation copy (a recording of a recording). Fingerprint-
ing of digital images by embedding originator-speci¢c
data-within-data is a potential method of legally demon-
strating originality which is attracting the interest of
publishers. In principle, all of these methods can be
circumvented, but in practice their increasing use is a
deterrent to those who might consider infringing
copyright.
The use of technical systems for copyright protection is
increasingly supported by industrialists and policy-
makers. However, a study of the methods of copyright
protection adoptedbysmall andmedium-sized electronic
information publishers in the United Kingdom suggests
that their use is not yet widespread (Tang 1995). Many
smaller ¢rms view these methods with scepticism and
those who are using them have adopted weak encryption
techniques.The absence of an agreed industry standard;
rising costs of production and customer support; the
need to make electronic publications `user friendly'; the
perceived inadequacy of copyright law; and the need to
accelerate the `time to market' of products are factors
contributing to the relatively slow take-up of new tech-
niques.There is a cautious attitude toward measures that
could result in over-protection and disincentives to the
creation of innovative `digital' products.
Some electronic information publishers claim that comp-
anies that areveryconcernedwith copyright infringement
should not be in the `digital content' business. The
nature of the business makes products vulnerable to legal
and illegal replication.Toomuch legal or technical protec-
tion might harm the growth of the electronic publishing
industry. However, if a reliable, easy-to-use and to imple-
ment protection system standard were to emerge it is
likely that this would stimulate wider acceptance among
¢rms.Cost andacceptabilitybyusers are alsomajor deter-
minants of whether a protection method will be taken up
industry-wide.
Although none of these methods of protection has been
accepted as a standard, encryption is being used to an
increasing extent. Until 1997, the International Tra¤c
210
Arms Regulations in the United States prevented
American ¢rms from exporting encryption techniques.
They are now able to do so subject to certain restrictions.
Until 1996, France had stringent laws for the use of
encryption both domestically and for export, but these
have now changed. In addition the Organisation for
EconomicCooperationandDevelopment(OECD) devel-
opedan initiative toharmonise theuse ofencryption tech-
niques among its member countries and the OECD
Council adopted a set of guidelines inMarch1997.
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10.2.4 Managing ownership rights in digital
information
Digital technologies are making the enforcement of copy-
right law increasingly di¤cult. Legislators in some devel-
oping countries have begun to introduce reforms in
response to the pressures ofgovernments in the industria-
lised countries and the major software, music, motion
picture, and publishing industries (Tang 1997c). `Anti-
piracy'or anti-infringement organisations are campaign-
ing to encourage developing countries to update and
enforce theircopyright legislation. Industry trade associa-
tions are increasing their e¡orts to ensure that available
protection is enforced.
The International Federation of the Phonographic
Industry (IFPI), representing record producers in more
than 70 countries, has been instrumental in shutting
down several companies producing illegal compact discs
inBulgaria, Italy, andChina. IFPI is involved in the devel-
opment of technical solutions for the protection of digital
content andpromotes the enforcementof national legisla-
tion and international conventions on intellectual prop-
erty. IFPI has recommended the adoption of an
International Standard Recording Code system which
identi¢es the source manufacturer at the mastering and
reproduction levels.
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The Business Software Alliance membership comprises
the leading software companies. It has ¢led more than
600 lawsuits world-wide against suspected infringements
andhasbeen responsible forclosingdown several software
production facilities in China and Thailand. The
Alliance runs educationprogrammesonintellectualprop-
erty rights inmore than65countries.Other national orga-
nisations also act as collecting societies and they are
organised by industry sector representing music, ¢lm,
video, andpublishing.These organisations are collaborat-
ing internationally to control counterfeiting and boot-
legging of digital information products.
There is concern on the part of thosewho generate reven-
ues from the sale of electronic information products and
services, andnationalgovernments, that producers' viabi-
lity will be eroded if infringement is not stopped or
reduced.
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The United States-based coalition of trade
associations, the International Intellectual Property
Alliance (IIPA), publishes ¢gures on estimated losses in
revenues to the `copyright industries' in the United
States.
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The countries on the `watch list' are shown in
Table10.2 representing an estimatedUS$6billion in esti-
mated losses to ¢rms in theUnited States.
IIPA ¢gures for losses including business software are
shown inTable 10.3 by region. Deducting US$ 7.2 billion
for business software from the total of US$ 14,639 billion
leaves some US$ 7.4 billion of losses estimated for the
motion picture, records and music, entertainment soft-
ware, and publishing industries.
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Most of the attention of the trade associations and the
press focuses on infringement in the developing world.
However, there is considerable `piracy' within the indus-
trialised countries. In 1995, the United States was the
second largest country for illegal pre-recorded music
sales with US$ 279 million or 29 per cent of total sales
just behind Russia with US$ 363 million representing a
larger share of total sales in the country of 62 per cent
(IFPI 1996).These sales in theUnited States explain why
there is controversy within the country over the need to
strengthen existing legislation. In 1994, the United
Kingdom was the tenth leading country for illegal sales,
with estimated sales of US$ 58 million or 2 per cent of
total sales in the country. A decline in the volume of
illegal sales in 1995 was attributed to the successful
closing down of a major counterfeiting plant in the
United Kingdom (IFPI 1996).Table 10.4 shows the esti-
mated illegal sales in selected countries in eastern Europe
and in Italy andGreece.
InThailandcopyright legislation, improvedenforcement,
and pressures from the European Union and the United
States, resulted in a reduction in illegal sales in 1995. In
1994 these sales were estimated to be around 33 per cent
of total sales and in 1995 the ¢gure dropped to 13 per
cent. In the United Arab Emirates enforcement has
brought illegal sales down from 33 per cent in 1994 to 18
per cent in1995.
In the world-wide software market, losses due to illegal
saleswere estimatedatUS$13billion in1995, representing
a 9 per cent increase over the US$ 12.2 billion estimated
for 1994. Eastern Europe had the highest overall illegal
sales as a percentage of total country sales at 83 per cent
in 1995, followed by the Middle East and Africa with 78
per cent (Business SoftwareAlliance1995).
Table10.5 shows the leading three countries in eachmajor
region for illegal sales of software as a percentage of total
sales in the country. In the Asia Paci¢c region,V|et Nam
is highest with 99 per cent followed by eastern Europe
where Slovenia has the highest rate at 96 per cent. In
westernEurope,Greece has the highest rate of87percent.
Research has been undertaken in parallel with negotia-
tions by members of the WTO and WIPO. However,
there is still very little empirical evidence for the actual
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Table 10.2 - Estimated trade losses to United States copyright industries, 1995
Motion
pictures
US$million
Records and
music
US$million
Entertainment
software
US$million
Books
US$million
Total
estimated losses
US$million
Priority foreign country
China 124 300 1,286 125 1,835
Russia 312 180 189 46 726
Turkey 57 8 87 18 170
Priority watch list
Brazil 90 70 83 30 273
El Salvador 1 3 22 4 30
Greece 60 6 21 5 92
India 58 10 26 25 119
Indonesia 15 2 83 45 145
Italy 294 128 73 20 515
Korea (Republic of ) 17 6 174 25 222
Paraguay 2 20 6 2 30
Saudi Arabia 100 29 53 9 191
Viet Nam 5 6 n/a 7 18
Watch list
Argentina 49 15 65 7 136
Bahrain 30 10 1 45 45
Bolivia 2 3 33 5 42
Bulgaria 10 105 58 1 173
Czech Republic 8 2 n/a 5 15
HongKong 10 5 112 2 129
Lebanon 44 n/a n/a 2 45
Pakistan 10 5 n/a 30 45
Philippines 26 3 14 70 113
Poland 39 10 73 14 135
Romania 20 16 63 2 101
Thailand 29 5 73 32 139
Taiwan (Pr. China) 29 5 105 6 145
United Arab Emirates 5 n/a n/a 1 6
Venezuela 30 5 51 23 109
Total Estimated
Losses
1,542 1,042 2,852 592 6,028
Note: Numbers may not add due to rounding.
Source: Adapted from IIPA (1996).
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economic impact on developing countries of changes in
the international intellectual property rights regime.
14
Developing countries account for only a small proportion
of theworldproductionofsoftware.India is atthe forefront
but had a share of the United States software market in
1994-95 amounting only to 1.7 per cent (Heeks 1996a).
Estimates of illegal sales and their potential economic
harm to producers mainly in the industrialised countries
are provided by governments and the private sector both
of which have substantial economic interests in stronger
protection.
Table 10.4 - Europe's music sales, 1995
Country Illegal sales as
% of annual total
Legal sales
(US$million)
Illegal sales
(US$million)
Romania 85 4 22
Bulgaria 80 2 6
Russia 73 83 222
Latvia 54 2 3
Italy 33 44 22
Greece 26 8 3
Source: Adapted from IFPI (1996).
The Special 301 provisions (Section 182) of the Omnibus
Trade and Competitiveness Act of 1988, obliges the
United StatesTrade Representative to identify countries
that should be placed on the `watch lists' shown in Table
10.2.These countries are deemed to be denying adequate
ande¡ectiveprotection toUnitedStates intellectual prop-
erty rights holders and to be preventing fair and equitable
market access to producers of intellectual property.They
are regarded as countries whose policies and practices
have the greatest actual, or potentially adverse, impact on
the economic interests of American producers. They are
also believed not to be entering into negotiations in good
faith and to be failing tomake signi¢cant progress in bilat-
eral or multilateral negotiations (USCongress1988; IIPA
1996).A range of instruments is available to impose sanc-
tions including the withdrawal of preferential tari¡s and
the imposition of import quotas.
Problems ofmeasuring the economicvalue of information
make it di¤cult to assess the claims about the economic
impact of changes in the international intellectual prop-
erty rights regime and the national responses to these
changes. Strong enforcement of software protection
could result in higher prices and more limited access to
leading softwarepackages forpeople in the least developed
countries. Scienti¢c research requires software models
and tools in ¢elds such as biotechnology, environmental
protection, and agribusiness. Moves to eliminate private
copying by citizens and to remove `fair use' provisions
that enable reproduction for scienti¢c and educational
purposes would raise new barriers to accessing electronic
information.This would occur at the same time that the
global information infrastructure is creating the potential
for the wider distribution of information at very low cost.
If strengthened intellectual property rights regimes
restrict access to information for developing countries,
there are likely to be costs. An alternative argument
suggests that ¢rms in the industrialised countries will be
more likely to enter into partnerships with better
exchanges of codi¢ed information and tacit knowledge
with a country that has a reasonable record of enforcing
intellectual property protection. Strong protection
regimes are expected to attract direct foreign investment
by multinational ¢rms. However,`many factors in£uence
Table 10.3 - Losses to United States software, entertainment, and publishing industry by region, 1995
Country Motion
pictures
US$million
Records and
music
US$million
Business
software
US$million
Entertainment
software
US$million
Books
US$million
Total estimated
losses
US$million
Asia 514 349 2,756 2,002 377 6,017
Middle East and
Mediterranean
248 54 180 100 104 686
Latin America
and Caribbean
289 226 836 359 129 1,847
Canada 22 18 270 n/a n/a 310
Africa 11 25 171 n/a 60 267
Eastern Europe
and Russia
464 363 534 396 73 1,830
Western Europe 710 245 2,451 286 41 3,683
Total 2,267 1,280 7,217 3,093 783 14,639
Note: Numbers may not add due to rounding.
Source: Adapted from IIPA, as cited inFinancial Times, 10 February 1997.
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direct foreign investment decisions, and there is little
systematic empirical evidence to support or contradict
the assertion that the insecurity of intellectual property
exertspowerful adverse e¡ects amongthese,except, possi-
bly in the cases of the chemical andpharmaceutical indus-
tries, and in choices about the location of overseas R&D
facilities' (David1995: 17).
Table 10.5 - Infringement rates by region
Region/Country 1994
%
1995
%
Western Europe
Greece 87 86
Spain 77 74
Ireland 74 71
Eastern Europe
Slovenia 96 96
Bulgaria 94 94
Russia 94 94
Latin America
El Salvador 97 97
Paraguay 95 95
Guatemala 94 94
Middle East/Africa
United Arab Emirates 92 92
Bahrain 92 92
Kuwait 91 91
Asia Pacific
Viet Nam 100 99
Indonesia 97 98
China 97 96
North America
Canada 46 44
United States 31 26
Source: Compiled from Business Software Alliance (1995).
Despite the absence of independent evidence on the
impact of changes in the intellectual property rights
regime internationally, it is clear that changes will a¡ect
the costs of producing and using electronic information.
They have an impact on the economic feasibility of
combining external and indigenous information resources
withindevelopingcountries to furtherdevelopmentgoals.
In principle, the wider distribution of publicly accessible
information shouldenable people in developing countries
to make more informed choices about ICTs and enhance
the use of these technologies to support development
goals and to alleviate poverty. Simply accessing digital
information does not build the capabilities to transform
it into useful knowledge. Nevertheless, there is a belief
that the di¡usion of greater quantities of informationwill
produce new knowledge. The `new growth theory' is
rekindling interest in the transfer of technological knowl-
edge (Romer 1986). The new models recognise that the
transfer of knowledge is a¡ected by the intellectual prop-
erty protection regime.These models give rise to insights
into the hypothetical impact of changes in the intellectual
property regime.They do not capture the actual impacts
because they cannot model the potential for building
capabilities to use the new sources of information. As
Paul David suggests,`borrowing capabilities' may be one
ofthestrategiccorecompetenciesneededby organisations
indevelopingcountries. In order to`learn toborrow' orga-
nisational and technological competencies in the ICT
¢eld will be needed as well as better access to electronic
information.The combination of these and other factors
may enable developing countries tomonitor the scienti¢c
and technological knowledge frontier more e¡ectively
and to learn from the failures and successes of others
(David1995).
10.3 Electronic commerce - Introducing a
governance system
Electronic commerce is regarded in theUnitedStates, and
increasingly inEurope and some of the newly industrialis-
ing countries, as a prerequisite for the conduct of business
in the `knowledge societies' of the future. Countries that
do not implement electronic business networks will
almost certainly ¢nd themselves disadvantaged in the
conduct of trade and in their ¢nancial a¡airs.
Electronic commerce refers to averywidevarietyofways of
doing business over networks. It is de¢ned generally as
`all forms ofcommercial transactions involving both orga-
nisations and individuals, that are basedupon the electro-
nic processing of data, including text, sound and visual
images. It also refers to the e¡ects that the electronic
exchange of commercial information may have on the
institutions and processes that support and govern
commercial activities' (OECD 1997e: 20). It includes
activities that may be replaced by electronic media such
as the exchange of documents, telephone calls, faxes, etc.
It also includes standards for theprocurementofmanufac-
tured goods by governments and the private sector. It
increases the potential for ¢rms and individuals to partici-
pate in global electronic marketplaces (Ferne¨ 1996: 2).
Electronic commerce raises issues about intellectual prop-
erty protection, the introduction of electronic money or
e-cash, the protection of individual privacy, as well rules
with respect to advertising, prevention of fraud, the treat-
ment of `seditious' material, technical standards for elec-
tronic payments, security service infrastructures (public
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key authorities and trusted third parties), the role of elec-
tronic catalogues, and many technical issues concerning
high speed networking and digital object and data inter-
change (moving beyond text-based electronic data inter-
change protocols).
Asmore transactions take place using advancedpublic and
private networks including the Internet the competitive-
ness of ¢rms is becoming much less a function of their
size in terms of tangible (physical) assets or capital and
more related to their capacity to manage information
supply chains - links between suppliers and customers
(Eliasson 1990).
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Electronic commerce is emerging as a
way of reducing transaction costs and of supporting all
the elements of commercial transactions potentially
without human intermediation.
Today, however, electronic commerce is a long way from
the vision of a completely virtual market.To enable such
an environment to work there is a need for a governance
regime, just as there is in the case of commercial activity
in physical goods.There is also a need to build a technical
and service infrastructure that can sustain the volume of
commercial transactions that will move into `cyberspace'
in the 21
st
Century. For example, a bank may have about
10 million electronic transactions per day and a major
retailer may be processing total annual transactions
worth more than US$ 10 billion (OECD 1997e). These
volumes ofcommercial activity are present in some indus-
trialised countries today. They involve enormously
complex interactions with both known and unknown
parties.The need for newways of managing the trust that
is implicit in market transactions is growing.
For example, if electronic commerce is to expand, trust
needs to be established between parties. Buyers and
sellers need to be able to prove that the content of electro-
nic information has not been altered and that the owner,
originator, and recipient canbe linked to that information.
This calls for away of establishing the integrity, authenti-
cation, and non-repudiation of information (like
company letterheads, written signatures, and seals on
paper documents).This involves data integrity and access
control. Another element in the establishment of trust is
the con¢dentiality of information, ensuring that only
those authorised to read information can do so.
Con¢dentiality is important because documents can be
copied so easily (EURIM1997).
The policy challenge in these areas is to provide a balance
between the ability to combat fraud, terrorism, and other
criminal activitieswhile providing opportunities for busi-
nesses and citizens to use the new technologies. To
achieve this balance in a single country would be a major
challenge. However, electronic commerce is global. Any
citizen or business with access to an a¡ordable network
and the capabilities to work with software and services
can engage in electronic commerce. Incompatible rules
and standards for electronic commerce create barriers to
the £ows of information and `lock out' potential partici-
pants from`cyberspace'markets (Leer1996).The interna-
tional £ows of transactions make it imperative that
cooperation between governments and the private sector
is increased. There is a need for ongoing attempts to
reach consensus on the rules and standards for the new
kinds of markets that are emerging (Mizuno1997).
Establishing trust on a business-to-business basis is di¤-
cult. However, creating rules that will e¡ectively establish
norms for consumer protection and ensure that people's
privacy is not damaged by electronic commerce is even
more crucial.As theInternethasbecomemorepervasively
accessible, the volume of commerce on the network is
also growing. Although transactions in most cases are not
handled completely on the network, there are trends in
this direction (see Box10.2).
Box 10.2 - Securing electronic transactions
Singapore took its ¢rst step into secure electronic commerce
in April 1997. The world's ¢rst V|sa Card purchase on the
Internet using the Secure Electronic Transaction (SET)
protocol involved cardholders and merchants using special
software called `digital certi¢cates'providing ameans of elec-
tronic identi¢cation and ensuring con¢dential information
was sent in a secure code across the Internet.The transaction
was unusual because it relied upon several di¡erent vendors'
technologies (National Computer Board1997a).
There are di¡erences of opinion on how fast electronic
commerce will grow. World trade involving computer
software, entertainment products (motion pictures,
videos, games, sound recordings), information services
(databases, on-line newspapers), technical information,
product licences, and professional services (businesses
and technical consulting, accounting, architectural
design, legal advice, travel services, etc.), is growing
rapidly and now accounts for well over US$ 40 billion
worth of exports in the United States alone (IITF
1996).
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If new rules and standards are put in place
between buyers and sellers, electronic commerce would
become easier for those with access to global infrastruc-
tures. Commerce on the Internet could reach US$ 5
billion by the turn of the century growing on the 1995
base estimated at US$ 200 million (IITF 1996, OECD
1997e).
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The global information infrastructure, including the
Internet, is likely to bring profound changes in the tradi-
tional model of relationships between buyers and sellers
(IITF 1996). Use of the Internet, intranets (intra¢rm),
and extranets (inter¢rm) could lower transaction costs
and facilitate new types of commercial transactions.The
Internet was launched in the 1960s as a network funded
and run by the Department of Defence in the United
States and its Advanced Research Project (ARPA). It was
intended as a means for scientists and military personnel
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to exchange information.In the1980stheNationalScience
Foundation in theUnitedStateswasgiven the responsibil-
ity for further developing a highly decentralised network.
The network uses protocols, Transmission Control
Protocol/InternetProtocol (TCP/IP), that are less sophis-
ticated than those used in proprietary corporate data
networks or those supporting tra¤c on the public
switched telecommunication network. Nevertheless,
these protocols are open. They support interoperability
between virtually any computer user who seeks to
connect and transmit information.
TCP standardises the exchange of data, while IP allows
di¡erent systems to recognise one another in the
network.The advantage is that each existing network can
retain its own architecture. By 1989 in the United States,
the Internet had been opened to commercial users and
this began to occur elsewhere as governments received
increasing pressure from the private sector. By the mid-
1990s Internethostswere£ourishing inmost of the indus-
trialised countries.Although a relatively small proportion
of Internet tra¤c is generated by developing countries,
growthis takingo¡ inmost regionswhere there is a reason-
ably well developed telecommunication infrastructure.
Box 10.3 - Private Internets and electronic commerce
`There are two main types of risk that need to be addressed:
securing core business systems against malicious attack
once they are openedup to external customers; and ensuring
security from a business point of view, allowing a company
to be sure it is doing business with a genuine customer or
supplier and that both have committed to a transaction The
lure of the Extranet is that it will potentially widen the
number of partners with which a business can carry out
e-commerce.The danger is that it will deal with companies
with which it has had no previous relationship and thus will
need to authenticate those companies and their communica-
tions in someway' (Chappell1997: 14).
Atthe same time thatpublic access to theInternethasbeen
increasing, tra¤c growth and the lack of security of the
Internet have led to the emergence of `extranets'.
Extranets based on a leased network infrastructure will
provide `internet-like' services to the corporate world,
but they will be providedwith security guarantees.These
networks are only beginning to be put in place by
companies like IBMwhowant to provide services to help
companies with `customer relationship management'
(Chappell 1997). Services will provide supply chain
partners withWeb access to data from corporate systems.
At a more sophisticated level they will o¡er assistance in
building new applications using software development
technologies like Java to create wholly new electronic
environments. The premium o¡ered by the extranet, as
compared to the Internet, that will be accessible to most
users once the underlying infrastructure is extended, is
risk reduction (see Box10.3).
The emergence of extranets is similar to the processwhich
occurredwhen private corporate networks using capacity
leased from telecommunication infrastructure operators
o¡ered premium services to larger companies that were
not supported by the public network. These networks
were built in the 1970s and 1980s to bypass the public
switched telecommunication network. In those countries
which had relatively inexpensive prices for leased lines
were available (terrestrial or satellite which were available
even at higher prices in developing countries to overcome
the absence of adequate infrastructure), large multina-
tional companies have been able to reorganise and intro-
duce distributed working practices. This is one factor
which has enabled them to locate business activities
(such as software development and data processing)
around theworld.
In developing countries similar developments should be
expected for Internet (public) and extranet (private)
services as ¢rms seek security and advantages for their
customers. The other advantage of these developments
for larger ¢rms is that they are likely to be subject to self-
regulation. Governments and regulatory authorities will
¢nd it increasingly di¤cult to regulate private networks
provided by companies with no territorial presence
within their borders.
10.3.1 Towards new principles of governance
The interest of developing countries in electronic
commerce varies widely based on their current capacity
to participate in electronic communication.
Governments and businesses in the industrialised coun-
tries are concerned that some governments in the devel-
oping countries will seek to regulate the Internet and
network-based transactions. If governments levy taxes
and duties, restrict the types of information transmitted,
or control standards development, it is feared that a frag-
mented global electronic trading regime will emerge.The
United States perspective on the need for a new set of
rules and codes of conduct in the electronic commerce
¢eld relies on amarket-oriented approach and several key
principles have been outlined (see Box10.4).
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AstheInternetbecomesmore attractive as a support infra-
structure for electronic commerce, the need to evolve
new governance systems is becoming evident in many
areas. An example is the system used to assign `domain
names' to host computers such as the popular `.com'.W|th
increasing demand, the number of available top level
domains is becominga relativelyscarce resource.The allo-
cation and administration of names is handled by a
private company in the United States that has a virtual
monopoly and is authorised to charge fees for domain
name registrations. In May 1997, WIPO established an
arbitration and mediation centre for dispute settlement
among parties. This new governance institution will
administer procedures for settlementofdisputes concern-
ing Second Level Domain names. A Memorandum of
Understanding on the genericTop Level Domain Name
Space of the Internet Domain Name system has been
agreed.The Memorandum is open for signature but it is
unclear whether this international initiative will resolve
the tensions and con£icts that have arisen over the
present administrative apparatus (WIPO 1997). It is also
unclear how it will a¡ect developing countries as they
seek to register a growing number of sites.
As the Internet becomes increasingly commercially
oriented, issues are raised with respect to customs and
taxation of traded goods and services in `electronic space'.
When electronic media such as the Internet are used,
there are no ¢xed geographical routes of trade as there are
in the case of physical trade in goods.The structure of the
Internetwouldmake itdi¤cultto levytaxeswhenproducts
or services are delivered electronically. Nevertheless,
some consideration is being given to new modes of taxa-
tion and the industrialised countries have expressed
concerns that some developing countries will look to the
Internet and electronic commerce for new sources of
public revenues (see Chapter12).
The United States is advocating that the WTO should
declare the Internet a tax-free environment. In Europe,
individual country positions vary, but by mid-1997 there
appeared to be a view on the part of the European
Commission thatwhile nomajorchanges in the principles
of taxation should be considered, it would be premature
to declare the Internet a `tax-free zone'.
The industrialised countries seek to establish a `uniform
commercial code' for business conducted over the
Internet. The aim is to build a uniform legal framework
for electronic commercial transactions world-wide. Steps
in this direction have been taken by the United Nations
Commission on International Trade Law (UNCITRAL)
whichhasdevelopeda`model lawonelectronic commerce'
for international contracts in electronic commerce. This
document establishes rules and standards for electronic
contract performance, de¢neswhat constitutes valid elec-
tronic writing and an original document, and provides
for the acceptability of electronic signatures for legal and
commercial purposes. It also de¢nes a procedure for the
admission of computerised evidence into the courts and
arbitration proceedings. However, all countries would
need to implement this framework to achieve harmonisa-
tion of global electronic trading.
Box 10.4 - Principles for electronic commerce
] The private sector should lead.
] Governments should avoid placing undue restrictions on
electronic commerce.
] Where government involvement is needed, its aim should
be to support and enforce a predictable, minimalist,
consistent, and simple legal environment for commerce.
] Governments should recognise the unique qualities of the
Internet.
] Electronic commerce over the Internet should be
facilitated on an international basis.
Source: IITF (1996).
Negotiation will be needed to encourage governments to
recognise and accept o¤cial electronic communications
(that is, contracts, notarised documents, etc.). New insti-
tutional procedures for authentication, establishing elec-
tronic registries, promoting the development of dispute
resolutionmechanisms, and establishing rules in connec-
tion with licensing and transfer of rights in software and
electronic datawill be necessary.
Cryptography provides the means for securing networks
in order to establish a basis for trading. Until recently
cryptography was rarely used outside the military and
government context but commercial pressures for its use
are increasing. Governments aim to retain the ability to
intercept and read communications in order to protect
national security and they try to limit the availability of
cryptography.The policy issue iswhether the use of cryp-
tography should be controlled, by whom, and in what
manner.There is a need for an internationally acceptable,
practical, and commercial framework. Business demands
for adequate levels of secure information and the require-
ments of national security and lawenforcement are poten-
tially in con£ict in all countries.
The essence of cryptography is that the sender uses an
encryption key as input to a conversion routine (or algo-
rithm) which makes the digital message being stored or
transmittedunintelligible.This canbe restoredto its origi-
nal form only by someone possessing the corresponding
decryption key and algorithm. This technique is being
widely used in the ¢nancial services industry, for
example, to protect fund transfers and personal inform-
ation, during the withdrawal of cash from an Automatic
TellerMachine. It is also beingused in consumer products
designed to control access to pay TV systems.
Cryptography is essential for electronic commerce
because it provides a solution to the requirements for
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integrity, authentication, non-repudiation, and con¢den-
tiality (EURIM1997).
Some governments are proposing the use of Trusted
Third Parties (TTP) to provide certi¢cation for public
encryption keys but this requires a high degree of trust in
theTTPs.TTPs must be respected nationally and inter-
nationally. Most governments prevent product suppliers
from selling products outside their national boundaries
by using the strongest methods of cryptography.
Apart from the issue of establishing trust in electronic
commerce, issues highlighted by the OECD discussions
include consumer protection, competition, ¢nancial and
payment systems, taxation, intellectual property rights,
legal safeguards against criminal activities, dispute settle-
ment mechanisms, and other requirements relating to
the regulation of electronic infrastructures.
As a matter of urgency, governments need to clarify the legal
de¢nitions, practices and structures that pertain to commercial
activities in an electronic environment, and to seekmultilateral
agreements on critical legalmatters, especially the laws regard-
ing residency, agency, liability, auditability, control of data-
bases, unauthorised use of databases and data protection
(OECD1997e:16).
TheOECD (1997e) recommends that,
] Electronic services infrastructures (including telecom-
munications, television, and data networks) must
converge to support electronic commerce applications.
] Measuresmaybeneededtoensure thatproprietary stan-
dards do not create entry barriers.
] Nocountryshouldbe able to enforcenational encryption
policies on ¢rms in other countries and national data
protection laws should be harmonised to ensure that
public con¢dence in electronic trading systems is not
destroyed.
] Physical transport systems should be coordinated to
complement e¤ciencies gained as a result of the intro-
duction of electronic commerce.
] Industry and government cooperation is essential in
promoting electronic commerce and there should be a
dynamic international dialogue on the harmonisation
of electronic commerce and electronic administration
principles.
] Governments should adjust existing laws (including
intellectual property protection) and regulations to
apply to `intangible' as well as `material' products, and
agree on policing and enforcement.
] Approaches totaxationbasedonprinciples relatingtothe
source and destination of products and residency of
companies shouldbemaintainedrather than suggestions
for taxing the process of data exchange.
The positions of developing countries on these issues and
their interests in the outcomes are important for future
access to the new `virtual' trading routes of knowledge-
based societies.
10.3.2 Developing country access to virtual
trading routes
The participation of developing countries in the current
discussions is important to ensure that the electronic
commerce systems they develop are compatible with
those in the industrialisedcountries.However, the princi-
ples of doing business on networks, that is, the rules for
`cybercommerce', also need to be consistent with their
development goals. Changes in the electronic trading
regime are likely to have a very signi¢cant impact on
trade throughout the developing world (Mansell and
Hawkins1992).The new `virtual' trading routes are being
designed using architectures that can favour either open
access or closure to a select membership of traders
(Mansell and Jenkins1992a).
The French historian, FernandBraudel, observed that
The division of labour on a world-economy scale cannot be
described as a concerted agreement made between equal parties
and always open to review. It became established progressively
as a chain of subordinations, each conditioning the other.
Unequal exchange, the origin of inequality in the world, and
by the same token, the invariable generator of trade, are long-
standing realities (Braudel1984: 48).
Electronic commerce networks are being established
progressively and designs with respect to networks, stan-
dards, interoperability, access arrangements, as well as
the procedures that enable trust to be established, are
being dealt with step-by-step (Mansell 1996b).They are
being established most quickly in the industrialised and
newly industrialising countries. For example, Singapore
has heavily promoted the use of electronic data inter-
change (a component of electronic commerce) for several
years (Mansell and Jenkins1992b). Brazil also has consid-
erable experience in the banking and ¢nancial services
sectors having introduced automation in the 1960s
(Cassiolato1996).
However,manydevelopingcountries have only justbegun
to use ICTs to address ¢nancial management at the
macro-economic level.They are not well positioned in a
world in which every small and medium-sized business
and consumer seeks to do business using a network.
UNCTADhas supported a large number of projects with
implications for electronic commerce initiatives
(UNCTAD 1997). A Debt Management and Financial
Analysis System (DMFAS) has been designed to assist
developing countries in recording and monitoring exter-
nal debts.The system provides a basis for learning about
the institutional, legal, and administrative issues concern-
ing debt management and ¢nancial £ows. Disbursement
requests and payment orders are generated automatically,
and reports are standardised to adhere to World Bank
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requirements.This is a precursor to fully-£edged electro-
nic trading.
AMeasuresA¡ectingServiceTrade (MAST)programme
also initiated by UNCTAD provides information on
laws, regulations, and international trade in service
commitments.The systemis intendedto assist developing
countries in regional and multilateral negotiations and to
enable sharing of country experiences in institutional
and national reforms and the regulation of trade in
services. The Trade Point Initiative launched in 1992
involved the implementation of `one-stop shops' for
traders. These physical places provide an access point to
PCs and networks where this is appropriate. Traders can
engage in electronic transactions such as customs clear-
ance. They can obtain information about foreign trade
institutions,chambers ofcommerce,banks,and insurance
companies.The trade points are either connected electro-
nically to distant networks, or the electronic information
is assembled under one roof using stand-alone techno-
logies. Trade related information is available from local
and remote international databases.
UNCTAD's Trade Analysis Information System
(TRAINS) provides information on international trad-
ing conditions. These innovative services are providing
some peoplewith experience of the potential of electronic
commerce, but they are very distant from the leading
experiments with electronic cash, virtual trading, and
secure transactions that are on the verge of becoming a
reality in the industrialised countries, and in some of the
wealthier developing countries.
OthersystemsdevelopedbyUNCTADare theAutomated
Systems for Customs Data (Asycuda) and the Advance
Cargo Information System (ACIS), which are global
information systems for customs transit.The system aims
to reduce transport costs which for landlocked countries
in West Africa can amount to more than one quarter of
the value of the goods as compared to about 5 per cent on
average for goods in the industrialised countries. The
information system allows goods to travel through di¡er-
ent countries with minimum frontier checks. Regional
schemes are being developed. The system is important
because some of the poorest countries depend on
customs payments for between 40 and 80 per cent of
their revenues. Fraud, corruption, and administrative
errors can reduce these revenues signi¢cantly. The new
systems automate the necessary information exchanges
and theAsycuda system,now inuse inmore than70 coun-
tries throughout the world, costs only about US$ 2
million to install compared with the US$ 50 million for
commercial systems (Financial T|mes 1997; Mansell and
Jenkins1992a).
Electronic commerce promises enormous gains to devel-
oping countries if it becomes pervasive. However, for
those businesses and citizens who are left out of this new
arenaof trade, there is agreat likelihoodofcomplete exclu-
sion.This should be of substantial concern since it would
represent exclusion from the equivalent of the waterways,
air transport, rail and road transport systems, that histori-
cally have provided the basis for trade in physical goods.
10.3.3 The social dimensions of electronic
commerce
In the industrialisedcountries and insomeof the develop-
ing countries, electronic commerce is leading to practices
of `red-lining' or `apartheid' marketing. Data are gener-
ated as a result of electronic transactions and these are
used to target socio-demographic groups with products
and services tailored to their demand pro¢les.Those who
are deemed unable to pay are simply excluded from these
o¡ers (Ratan1995).
The targeting of products and services to consumers
around theworld is relying on the generation of telemeta-
data or transaction generated information (Samarajiva
1996). These data are transmitted as part of the set-up,
transmission, billing, and management of a message sent
through a publicly accessible telecommunication
network. Billing data, call pattern data, and `intelligent'
network databases used to support services, are examples
(Sayers1997).These data are generatedby the public (citi-
zens and businesses) and they include routing inform-
ation, origin and destination identity, time of calling,
whether a call invokes special services as well as `simple'
transmission (ArthurDLittle1991).
Thevolume of thesedata is growing rapidlywith the di¡u-
sionofdigital telecommunicationnetworks and especially
mobile services which generate large amounts of these
data. Users of the data include network operators (to
provide of value-added services and to manage network
service provision), law enforcement agencies who gain
access to, for example, surveillance and marketing agen-
cies.
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Users of information face problems of searching
and ¢ltering information of value to them in ever more
complex electronic network environments.This is gener-
ating a demand for guides and directories to electronic
information and services. Direct marketing agencies are
£ourishinginsomecountries.Theyuse electronic services
to track consumption patterns.The `red-lining' practices
of direct marketing agencies threaten to exclude poorer
localities indevelopingcountries creatingone community
of citizens and businesses who transact business using
electronic networks and another that is excluded.
National information infrastructure development enables
electronic commercebut it also raise issues fordata protec-
tion and the privacy of individuals.The codes of conduct
and legal restrictions on the uses of transaction generated
information about businesses and citizens within coun-
tries, and by people outside countries, are only beginning
to be considered.
There are theories suggesting that money laundering, for
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example, increases with the liberalisation of cross-border
capital movements as a result of more open markets and
greater volumes of cross-border trade.The liberalisation
of ¢nancial markets, globalisation of the ¢nancial sector,
and the spread of electronic networking also are chall-
enging the international law enforcement system. It has
been estimated that world-wide money laundering could
reach a value of US$ 100 billion a year. Much of this
would be controlled by a small number of criminal syndi-
cates (German 1995). Money laundering is likely to grow
as greater use of electronic commerce occurs.
In addition, the Internet and computer bulletin boards
provide information about how to commit crimes.
Enforcement of laws, and evidence requirements, di¡er
between countries. Various countries are entering into
mutual legal assistance treaties concerning criminal
matters, and reciprocity under these treaties has major
resource implications. The United States Defense
Science Board has urged its government to expend US$
3 billion on military defences against informationwarfare
(Branegan et al.1997).
ICTs provide the technologies for encryption as well as
electronic surveillance. Criminal issues and surveillance
issues are beyond the scope of this report because little
information on these activities is in the public domain.
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Nevertheless, `cybercrime' is an issue that cannot be
ignored by developing countries.
10.4 Global information infrastructures,
privacy, and social control
Cultural andsocial considerationsbecomeverysigni¢cant
as developing countries address the impact of the
Internet and electronic commerce on business conduct
and on everyday life. Understanding that `sociability'
proceeds di¡erently in di¡erent `knowledge societies' is
fundamental to understanding that di¡erent countries
and regions in the worldwill seek to nuance the rules and
standards governing the new `cyberspace' transactions in
di¡erentways. As Francis Fukuyamawrites,
In any modern society, the economy constitutes one of the most
fundamental and dynamic arenas of human sociability.There
is scarcely any form of economic activity, from running a dry-
cleaning business to fabrication of large-scale integrated
circuits, that does not require the social collaboration of human
beings ... economic activity represents a crucial part of social
life and is knit together by a wide variety of norms, rules,
moral obligations, and other habits that shape society
(Fukuyama1995:6,7).
The social capital that gives rise to capabilities to interact
in a bene¢cial way with electronic media is informed by
religion, tradition, history, and the intermingling of these
aspects of societies with new experiences. This report
does not address the details of cultural shaping of electro-
nic business or the everyday environment.This is partly a
re£ection of the lack of systematic information that exists
andpartlya re£ectionofabias inwhat is generally reported
in studies of the di¡usion and use of ICTs. Chapter 2 of
this report emphasises that available indicators simply do
not capture the social capabilities that arevital to the e¡ec-
tive use of these technologies. The case studies of
approaches in the developing countries tend to focus on
cultural and social issues in the context of audience inter-
action with entertainment or educational programming.
Theyleave thecultureofwork,theworkplace,andbusiness
conduct on one side. An exception to this is work on busi-
ness groups and alliances which considers culture in the
context of learning and the transfer of knowledge through
new kinds of partnerships (Amsden1994;Whitley1992).
One project that examined the use of ICTs by commercial
banks con¢rmed the considerable di¤culties that arise
when the introduction of ICTs is considered without any
attempt being made to examine the nature of the inform-
ation and knowledge production itself. The study found
that while Japanese, American, and British-owned
commercial banks have made very large investments in
computer systems and networks which facilitate intra-
organisational communication, the usage of these
networks and systems to automate the manipulation of
data was signi¢cantly constrained. Con¢dential customer
data, although in principle available electronically, was
strictly controlled with availability being dependent on
`negotiated access' taking place at the inter-personal level
(Crede
¨
1997a,b).
In the Internet context there are very large di¡erences in
the initial approaches to governments' roles in managing
issues of social control and the new norms for business
conduct. In the United States in 1995, for example, the
Privacy Working Group of the Information Policy
Committee of the Information InfrastructureTask Force
adopted principles for providing and using personal
information. It noted the need to furtherdevelop the tech-
nical means to improve user privacy in the Internet.
Design principles for technology and services should
enable the individualuser to control, and acquire feedback
on, the use of personal details without having to reveal
their identity when personal data are not needed. Once
such principles become part of the design features of soft-
ware and hardware, they raise issues of compatibility with
the designs of other international initiatives.
Social concerns about the protection of personal data are
linked closely with European Union-wide initiatives to
protect minors and human dignity from harmful and
illegal content on the Internet and in audiovisual and
information services (European Commission 1996f,g).
The Commission is urging cooperation among the
member states to enforce existing legislation and
encouraging the development of self-regulation. It is also
encouraging the introduction of ¢ltering software and
rating systems andhas recognised the need for an interna-
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tional discussion of the need for a convention on harmful
and illegal content. The Commission seeks a balance
between ensuring the free £ow of information in the
market place and guaranteeing protection of the public
interest.
In Austria, Germany, France, and the United Kingdom,
legislation has either already been adopted or is proposed
de¢ning the legal responsibilities of Internet host service
providers such that they are liable only for an item of
content hosted on their server when they can reasonably
be expected to be aware that it is prima facie illegal, or fail
to take reasonable measurers to remove such content
once the content in question has been drawn clearly to
their attention.
The attention of the press and the legal profession has
focused on attempts, especially by Asian countries, to
explicitly manage their citizen's access to the Internet.
Singapore is an often cited example of a country that is
seeking to become a pioneer in ensuring that Internet
access is widely available while managing access to certain
types of information. Singapore has been proactive in
taking advantage of ICTs while maintaining regulatory
control. The Singapore government has made Internet
access technologically and economically feasible. In July
1996, the Singapore Broadcasting Authority (SBA) Class
LicenceScheme came into e¡ect andprovisionof `compu-
ter on-line services' by Internet Service Providers (ISPs)
was deemed a `licensable' broadcasting service.This is an
automatic licence but licensees must comply with
Internet Content Guidelines. These apply to ISPs and
content providers and they prohibit a large variety of
material (Millard1997).
The three Internet Service Providers (ISPs), SingNet,
Paci¢c International, and Cyberway, are owned by a
government-linked company. In 1996 the personal
computer penetration rate per 100 population had
reached 35.8 per cent and there were an estimated 38,376
Internet hosts in July 1996. The model being adopted is
to ensure that Internet access is only provided through
proxy servers that are capable of blocking banned sites.
The three Internet Service Providers are licensed to
provide services directly to consumers as well as institu-
tions (PNE Networks1997).The aim is to block access to
some sites to protect children from illegal content, but
also to ensure that electronic commerce is able to £ourish
for business.
Since the ISPs are not foreign-owned, pressures can be
applied to deny access or to block certain undesirable
sites. Singapore is not the anomaly.V|et Nam's leadership
has also extended regulatory control to the Internet using
a model similar to that of Singapore, and this model has
also in£uenced China's attempts at regulation. In
Malaysia, the Multimedia Super Corridor is expected to
provide an infrastructure that enables experimentation
with alternative technical means of blocking access to
undesirable information.
Box 10.5 - Attempts at Internet control
China
In September 1996, the Chinese government blocked access
to more than 100 sites, including American newspapers, the
T|betan informationnetworkandtheTaiwanese government.
Internet users in China are required to register with the
police.
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Myanmar
Heavy sanctions have been imposed on unauthorised use of
the Internet, as the government claims that dissidents are
using it to campaign against the government. Possession of a
computer with networking capability is an o¡ence that can
lead to a custodial sentence of 7 to 15 years. Neither of the
two ISPs provide service to the general public.
V|etNam
The V|et Nam government has drafted regulations that
require both ISPs and users of the Internet to register with
authorities and to report any `illegal activities or damaging
information they may come across'. ISPs are obliged to
allow monitoring of Internet tra¤c by the government, and
from the users' point of view, those who send or receive data
regarded as harmful to national security or social order will
beheld liable.Thegovernmentwas allowinga small academic
and scienti¢c network, NetNam, to operate, but has also
established a new networkwhich is owned by V|et Nam Post
andTelecommunication (Millard1997).
These attempts are meeting with varying degrees of
success (see Box 10.5).This is likely to have an impact on
the extent to which local access providers are attracted to
provide service on a commercial basis as well as the
extent towhich public institutions promote the use of the
Internet as a source of information which can facilitate
the provision of their own services (Millard1997).
Thematerial available on the Internet that is of concern to
legislators, regulators, and parents can be classi¢ed into
two categories: illegal material and o¡ensive material.
Material is illegal when it violates an individual right
protected by criminal or civil law. Child pornography and
racism are examples. O¡ensive material does not violate
any law but may o¡end the values and feelings of others.
Various forms of censorship and jamming are based on
the premise that there is a need or duty to protect society
or individuals from certain types of information (Smith
SystemEngineeringLtd1997).
Content ¢ltering and scanning technologies can be inte-
grated with a computer's operating system. These tech-
nologies can routinely inspect programs running on
computers for suspicious features and raise alarms.
Illegal material exchanged between cooperating subscri-
bers is likely to be encrypted and can be removed to other
systems to be decrypted (see Figure10.1).
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Anynewgovernance regime,whetheropenorclosed,with
respect to themanagement of global networks, has signi¢-
cant social consequences. The growing population of
users of theInternet is comingto represent an increasingly
broad range of people although user pro¢les still point to
the predominance of the young a¥uent male population.
More people may seek (or be deemed to need) protection.
More people will also seek to in£uence or pro¢t from
information that is illegal or o¡ensive. As the Internet
becomes more representative of society there will be an
increase in the visibility and opportunity for contact with
behaviour that most individuals regard as deviant. The
social impacts of this contact may result in greater levels
of tolerance or a greater desire to avoid contact with these
groups.
E¡orts to regulate the material transmitted over the
Internet are stimulating debate about the availability of
inappropriate andillegalmaterial inother formats(includ-
ing those that are non-electronic). E¡orts to control
access to such material on the Internet and to disrupt or
deter the formation of networks supporting illegal activity
are likely to spill over into broader social e¡orts to discou-
rage such behaviours. It is di¤cult to predict the extent to
which `knowledge societies' will become more intolerant
as a result of exposure.
The Internet is already creating social norms andcustoms
that will be a¡ected by regulatory systems. For example,
users who abuse the tolerance of others on the Internet
are often sought out for retribution, for example, they
may receive hundreds of e-mails jamming the ordinary
use of their systems (`£amed') or may be the subject of
other even more harmful direct action (Thompsen1996).
National cultural norms and legal standards vary.What is
o¡ensive or illegal in one country may not be so in
another. Some of the international con£icts over content
issues may by alleviated by promoting `good neighbour'
policies in the export of undesirable and illegal content.
Intergovernmental coordination for exchanging com-
plaints about inappropriate or illegal material could be
organised. This policy would be e¡ective with regard to
material that is inappropriate or illegal in both the
country originating and that receiving the complaint.
The range of options for regulation by the government or
industry self-regulation include greater reliance on user
choice or on measures to protect users. It is unclear how
great international cooperation will be in implementing
user authentication to enable a high level ofuser responsi-
bility.Services exist tomake e-mailandother communica-
tion anonymous. A high degree of user responsibility
does little to restrain the availability of illegal or o¡ensive
inappropriate material via the Internet and other delivery
modes (seeTable 10.6). Attempts to maximise subscriber
protection retain the ability of users to control their own
actions. However, they expand the social and private
responsibility for control of Internet access points. This
approach reinforces user authentication procedures and
provides a means to deny access to illegal material.
Direct regulation of Internet access points has to be
supported by access providers. It is unlikely that measures
to protect users will be implemented uniformly. If certain
countries are excluded, access providers are likely to
block access to all identi¢able sites in that country. If
protection is extended tomeasures to dealwith encrypted
information then monitoring all uses of ICTs capable of
modifying information, for example, personal computers,
will be necessary. This is an extremely intrusive form of
surveillance and raises issues of state control of
information dissemination.The extent to which this can
be implemented given the stocks of information is also
questionable.
Economic andsocial bene¢ts andcosts are associatedwith
di¡erent approaches to the management of the Internet.
Subscriber site
Display
information
only
To the
Internet
Access provider site
Effectively home PC
is relocated
All subscriber
information held at
access provider site
Screen
and
keyboard
System
unit
Modem
Router
Figure 10.1 - Internet content controls
Source: Smith System Engineering Ltd (1997).
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The decentralised use of ICTs is a central feature of
network architectures. It is necessary to centralise access
to ICTs to achieve control of illegal or inappropriate mat-
erial. Strong controls also run the risk of reducing the
e¡ectiveness of theInternet as amediumfor commercially
encrypted messages, that is, electronic commerce.
10.5 Conclusion - Social equity and efficiency
considerations
This chapter has illustrated that a newgovernance regime
is emerging to coordinate the development of electronic
commerce.The institutions andpractices that historically
have governed the intellectual property protection
regime are being modi¢ed to address the interests of
producers and users of digital information. In both cases,
public policy initiatives are intertwined with private
sector initiatives.The main participants in these negotia-
tions of the rules for the `new world information order'
(Cowhey and McKeown 1993) are representatives of
people in the industrialised countries, but the developing
countries are also represented in these fora. The social
andthe economic impactof these developments is consid-
erable. For some developing countries there are opportu-
nities to immediately begin constructing national
information infrastructures and to combine indigenous
capabilities with the opportunities created by the new
order for ICTs. For others, substantial investments in
human capabilities and in the underlying infrastructure
are necessary before widespread bene¢ts can accrue to
anyone and especially those in remote and rural areas.
The transition to innovative `knowledge societies' will be
very di¤cult for the least developed countries. These
countries have few resources to avert the risk that they
will be excluded from the potential bene¢ts of ICTs.
Nevertheless, it is clear that the creative use of ICTs can
enable some people in these countries to improve their
circumstances. Inorder for this tohappen the institutional
framework that provides the governance of ICTs and
services must be favourable to attracting investment and
to developing the necessary skills.
The world information order has changed dramatically since
the 1970s. Larger changes ought to occur.The objective should
be totapthepotentialofarevolutionindigital information tech-
nology for consumers and producers in the private and public
sectors. This technological revolution is going to upset many
traditional market positions and practices on a global scale. It
is not simply a matter of new winners and losers, although
thesewillbeverynumerous,orofchangingnational advantages
in global competition. Change also implies the reordering of
many public and commercial institutions as we discover new
ways of doing things and new goals to be ful¢lled (Cowhey
andMcKeown1993:113-4).
The`reordering'ofpublic andprivate institutions involves
people and organisations at the community, national, and
international levels. Their decisions a¡ect the dynamics
of the balancing of social and economic interests in
information products and services. They in£uence
whether it is possible to develop information products
and services for domestic use and export markets and
whether it is feasible to import anduse the necessary tech-
nologies and information services. Social equity and e¤-
ciency are equally important considerations as policy-
makers and corporate decision-makers plan the most
e¡ective means of building national information infra-
structures. Chapter 11 takes up the issue of the measures
that decision-makers at the national and regional level
can take to complement policy developments in the inter-
national context.
Table 10.6 - Information content delivery modes
Type of architecture Users Intermediaries Infrastructure networks Multimedia services and material
Digital TV Terminal:
TV & set top box
Broadcasters, cable
television operators
Narrow or broadband
network
Satellite, cable, radio
Video-on-Demand
(VOD) system
(closed architecture)
Terminal:
TV& set top box
Cable television
operators, satellite
television suppliers
Broadband network Services and material put out byVOD
system operator, text, fixed image, video,
sound
Proprietary on-line
services
(closed architecture,
highly interactive
services)
Terminal:
PC &modem
On-line service hosts Proprietary network, leased
line networks
Services and material byVOD system
operator, material loaded by users (e-
mail, BBS, chat lines), text, fixed image,
video, sound (sound and animated image
development)
Internet
(open architecture)
Terminal:
PC &modem
Internet host servers
Internet access
providers
Full Internet Access
network
Services and material byVOD system
operator.Material loaded by users (home
page,WWW, e-mail, BBS, Chat lines),
text, fixed image, video, sound (sound
and animated image development)
Source: Adapted from European Commission (1996f ).
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Notes
1 The`copyright industries' refers to the producers of inform-
ation products who seek protection on behalf of the creators
or themselves in order to bene¢t from sales. The term was
used initially in the United States, but has since been used
more widely by theOECDand the EuropeanCommission.
2 The Information Infrastructure Task Force (IITF) was
established to address a range of issues including intellectual
property rights. The Working Group on Intellectual
Property Rights was chaired by the Commissioner of
United States Patents and Trademarks, Bruce A.
Lehman, who also led the United States delegation at the
WIPO Convention on Copyright in December 1996.
Placing data in RAM is regarded as a copyright infringe-
mentaccording to the law in theUnitedKingdom.
3 For example, the Berne Convention Concerning the
Creation of an International Union for the Protection of
LiteraryandArtisticWorks of1886.
4 The Protocol to the Berne Convention for the Protection of
Literary and Artistic Works is sometimes referred to as the
Global Information InfrastructureTreaty.
5 See Mans¢eld (1995) for the results of this study and
Maskus (1993), Ferrantino (1993), Primo Braga (1996),
Maskus and Penubarti (1995) for other empirical assess-
ments of studies on theexpected impacts of intellectual prop-
erty protection regimes and introduction of market access
provisions.
6 This system is embedded in CD-ROMs at the mastering
stage. Each CD-ROM has a unique locking code which
prevents products from being copied by a CD-Recordable
machine.
7 The video industry is looking at a method developed by
Thorn EMI UK known as V|sually Embedded Coding
(VEC) which inserts and retrieves invisibly encoded
information. These invisible identi¢cation codes can be
retrieved using a VEC decoder (Multimedia Association
News1995; Fox1996).
8 Thorn EMIUK has developed the Identi¢cation Coding
Embedded (ICE) system that allows inaudible codes to be
embedded in audio material. ICE decoders identify audio
¢les and search for ICE codes. P.Tang, personal communi-
cation with DavidMonteith, a member of the development
team for ICE and VEC, Central Research Laboratory,
EMI, 29May1996.
9 The OECD Recommendation of the Council Concerning
Guidelines for Cryptography Policy was adopted on 27
March 1997. It is a non-binding agreement that sets out
eight principles for policy (trust in cryptographic methods,
userchoice,market-drivendevelopment, standards, protec-
tion of privacy and personal data, liability, international
cooperation) (OECD1997
f
).
10 The code system is the basic identi¢er of the recording indus-
try and is recognised by the International Organization for
Standardization. W|th Philips Consumer Electronics,
IFPI has introduced an identi¢cation programme - Source
Identi¢cationCode - forCDmanufacturing plants.
11 The methodology for calculating the estimated value of
illegallycopiedproducts isnotmadepublicby industry asso-
ciations.
12 The eight organisations are: theAmericanFilmMarketing
Association, the Association of American Publishers, the
Business Software Alliance, the Interactive Digital
Software Association, the Information Technology
Industry Council, the Motion Picture Association of
America, the National Music Publishers'Association, and
the Recording Industry Association of America. The IIPA
represents more than1,350 American companies producing
and distributing copyrightedworks in various formats.
13 In 1995 sales of illegally copied pre-recorded music were
estimated at US$ 2.1 billion. This represents illegal sales
of 955 million units comprised of 866 million cassettes (68
per cent), 85 million CDs (31 per cent) and 4 million long
playing records (1per cent) (IFPI1996). The top10 terri-
tories with illegal sales were Russia, the United States,
China, Italy, Brazil, Germany, Mexico, India, Pakistan,
andFrance.
14 For work in the economics ¢eld see Correa (1995); David
(1993); Siebeck (1990);UNCTAD(1996c).
15 See also Denison (1985) and Abramovitz and David
(1996).
16 Survey of private services transactions, Bureau of
Economic Analysis, United States Department of
Commerce, November, 1996 cited in IITF (1996). The
estimate covers 1995 and does not include transactions
between a¤liated companies which could add as much as
$47 billion in additional exports.
17 Internet Commerce, American Electronics Association/
American University, September 1996 cited in IITF
(1996).
18 Marketing `agents' such as computer software `intelligent
agents' are programs which can carry out tasks automati-
cally from a speci¢cation. The agent carries out a set of
tasks more or less regardless of outcome, unless selectivity is
pre-set.
19 Fora review of the issues surrounding the governance of the
use of encryption technologies see, Wehn (1996) and
Mansell and Steinmueller (1996c).
20 SeeA.P.-DowJonesNewsService,15February1995. The
Ministry of Post and Telecommunications was made the
soleproviderofconnections ofChinesecomputerswith inter-
national networks.
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11. National ICT strategies for knowledge-based development
11.1 Introduction - Promoting national ICT
strategies
The ICTrevolution is a massive challenge for politicians
and for the business sector. It is rede¢ning, sometimes
abolishing, the`borders' between industries, and revealing
the inadequacy of existing political and economic institu-
tional structures. Key trends in the governance activities
of international organisations are setting the framework
for the development of national and regional ICT strate-
gies (seeChapters 9 and10).The trends include the conti-
nuing powerful role that these organisations play both in
implementingandenforcingcurrent rules and in deciding
upon the new rules and regulations to re£ect the techno-
logical, commercial, and political shifts in ICT and
service markets. The leading international organisations
are reshaping themselves to increase their responsiveness
and £exibility in the face of dramatic market changes.
The growing power of private sector organisations in
shaping emergent `knowledge societies' is expressed
through private sector consortia that are setting inter-
national standards, through organisations like the Global
Information Infrastructure Commission, and through
established institutions like the International
Telecommunication Union and the World Bank which
are becoming more open to private sector partnerships
(W|lson1996a).
Box 11.1 - Coordination action by the G-7 countries and developing
countries
] Integrated systems to meet people's basic needs (using
ICTs as tools and focusing on rural areas)
] Universal access (for all sectors of society)
] Innovation to develop appropriate applications and
content
] Human resource development
] Support for business, and particularly small and medium
sized enterprises
] Support for good governance
] Promotion of cultural heritage
] Infrastructuredevelopment(usingappropriate technology
and linkedwith universal access goals)
] Special assistance for countrieswith special circumstances
Source: ISAD Conference (1996a,b).
An international consensus has emerged on the urgent
need for developing countries to prepare national ICT
strategies to provide a framework to govern the allocation
of resources among di¡erent groups of users and sectors
and to establish priorities (Harfoush and W|ld 1994).
There is also consensus about the necessity to focus on
the ¢nancial measures needed to reduce the gap between
the developing and the industrialised countries in their
capacity to reap the potential bene¢ts of the global
information society (GIS).The Information Society and
Development (ISAD) conference held in South Africa in
1996 called for coordinated action by the G-7 countries
and the developing countries to promote the use of ICTs
(see Box1.1).
Participants in the conference emphasised the need to
prepare national and regional inventories of existing ICT
projects;to ensure thattheappropriatenationalor regional
institutions are set up to provide for the coordination of
ICTstrategies; and to promote widespread dissemination
of relevant information. This chapter o¡ers a practical
guide to the responses on thenewconsensus on the impor-
tance of the global information infrastructure and emer-
ging national information infrastructures in developing
countries. Section 11.2 focuses on some of the strategies
that are already in place. Section 11.3 emphasises the
need for integrated ICTstrategies and the importance of
coordinatedaction tomaximise the positive contributions
of investment in the technologies and in capability devel-
opment. Section 11.4 looks at what steps are necessary to
mobilise resources to develop the national information
infrastructure. This section o¡ers guidelines for policy-
makers and stakeholders in the business community to
assist in devising ICTstrategies that will be e¡ective and
responsive to development priorities (see also Annex 3).
Section11.5 provides further guidelines on measures that
can be taken to improve the e¤ciency and to mobilise
resources for building national information infrastruc-
tures. In section 11.6 the immediate actions which can be
taken by the policy and business communities are
outlined.
11.2 Harnessing ICTs for development
Some of the national ICTstrategies summarised in this
section are being implemented in countries that have
achieved a relatively high level of telephone penetration
on an aggregate national basis. For example, Bermuda,
Singapore, Malta, Taiwan (Pr. China), and the Republic
of Korea have penetration rates exceeding 40 main tele-
phone lines per 100 population. These countries are
succeeding in addressing the `telephony access' problem
although there are problems of uneven distribution of
access.They face continuing challenges in terms of build-
ing ICT-related capabilities within the labour force and
ensuring that the communication infrastructure is
managed in a way that brings bene¢ts both to the
economy and to society as a whole. Malaysia, Jamaica,
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Mexico, and South Africa (with telephone penetration
rates of between 9 and 16 in 1995) either already have, or
expect to have, modern backbone networks in place by
the endof the century.They face the challenge of encoura-
ging inward investment to provide services to meet busi-
ness requirements in urban areas and of extending access
to the urban and rural poor.They also have to encourage
capability-building andput new legislative and regulatory
frameworks in place.
InIndonesia,V|etNam,andEthiopiawhich eachhave tele-
phone penetration rates of less than two per 100 in habi-
tants, the di¡erences in their capacity to address the
crucial ¢nancing issue are dramatic. Taking investment
in the telecommunication infrastructure as an example,
Indonesia experienced an increase in investment of 42
per centbetween1990and1994.
1
Ethiopia saw investment
decline by 29 per cent over the same period.These dispa-
rities in the capacity to attract investors to build national
information infrastructures clearly call for di¡erent kinds
of approaches to the role of ICTs in the development
process. The emphasis on strategies aimed at producing
or using ICTs and services is changing in each country.
The emphasis in each of these countries on entry into
international equipment andservicemarkets as compared
to thatgiven to the di¡usion anduse of ICTs in the domes-
tic economy also varies considerably.
Six of the countries in this sample are aiming to become
either global or regional hubs for electronic services:
Bermuda, Singapore, Jamaica, Malaysia, Malta, and
Thailand.
Bermuda
Bermuda is a small country which describes itself as the
`Information Island of the 21
st
Century' (Sculley 1997).
Its hope is to become a global electronic hub for storing,
processing, and disseminating digital information.
Teleports and submarine optical ¢bre cables link the
island to global networks.The Bermuda Stock Exchange
intends to launch an o¡shore electronic stock exchange
and discussions are underway about the establishment of
a Catastrophy Risk Exchange. Internet World W|de Web
services are providing background information about
business opportunities for potential investors.The aim is
to become `the Switzerland of data' for corporations, and
a centre for the electronic sale of o¡shore ¢nancial deriva-
tives as well as a major distributor of electronic software.
The country faces several barriers to achieving these
goals including the relativelyhigh cost of telecommunica-
tion services and the need to provide appropriate training
to upgrade the ICT-related skills of the local population.
Singapore
Singapore's `Intelligent Island V|sion' is embedded in the
IT2000 master plan (National Computer Board
n.d.a,b,c, 1996, 1997b).This strategy aims to ensure that
ICTs are pervasively used in every aspect of professional
and personal life. The vision calls for computers and
other information appliances located in homes, o¤ces,
schools, and factories to be linked by a broadband
networkbuilt,owned,andoperatedbyan industry consor-
tium.The Singapore ONE networkwill provide access to
public sector services and facilitate (inter) government
transactions. Singapore is bidding to be a global `centre of
excellence' for science and technology, a high-value loca-
tion for production, and a strategic node in global
commerce, communication, and information networks.
The IT2000 strategy has been developed by the National
Computer Board (NCB) in collaboration with private
sector stakeholders.NCB is responsible for implementing
more than sixty sectoral applications and the key goals of
the strategy are summarised in Box 11.2. In July 1996 the
government launched the Local Industry Upgrading
Programme (LIUP) involving multinational and local
companies to nurture the local ICT industry and encou-
rage industry collaboration. The NCB provides a `one-
stop-shop' to assist in the identi¢cation of local collabora-
tors and projects and in formulating the terms of colla-
boration.
Box 11.2 - IT2000 goals in Singapore
] Create an IT culture
] Plan IT human resource development
] Nurture the IT industry
] Evolve an information infrastructure
] Deploy IT2000 £agship projects
] Exploit IT in government
Source: Adapted fromNational Computer Board (n.d.a).
Jamaica
As the size of the international information services
market grows, opportunities for Jamaican businesses are
expected in the creation and distribution of content using
on-line services (Bennett 1995; Patterson 1995;
Commonwealth Secretariat 1988; Girvan 1994c). The
information processing services industry has been slow
to take o¡because of the dualistic structure of the industry
where some ¢rms have much greater access to ¢nancial
resources than others. This is the result of a number of
factors: preferential treatment by foreign investors,
higher than estimated costs of marketing, the need to
develop a suitably trained work force, and the high costs
of access to the Internet. Obstacles to the procurement of
loans indicate the need for greater involvement of banks
in providing ¢nancial support for the ICT industry.The
establishment of a government body that would focus on
the development of the ICT sector and support public
institutions in their use of ICTs has been recommended.
ICTs are notbeing exploited to their full potential because
decision-makershaveyettobecomecompletely convinced
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oftheneedfor investment inICTs.Recommendations also
include the development of ICTservices and an `IT park',
measures to encourage venture capitalists in the develop-
ment of `digital' content publishing, human resource
development, and the telecommunication infrastructure.
Other recommendations include measures to update the
general legal frameworkforcompetitionpolicyand legisla-
tion for the ICTsector. The government and the private
sector have been criticised about the lack of ICT policies
and forward planning. For example, the local industry
depends upon government computerisation projects to
generate revenues, but frequently these projects are given
to overseas consultants. Software and value-added
products and services are often imported from the indus-
trialised countries and most local companies are active
only in the hardware andpre-packaged software segments
of themarketwhere theprimaryfocus is onsoftware devel-
opment and product enhancement. Trained personnel
with ICT-related skills do exist, but there are major de¢-
ciencies at management level. Initiatives in the ICT
sector need to be complemented by measures to
strengthen the competitiveness of¢rms andto implement
development objectives.
Malaysia
An ICT policy was introduced in Malaysia in the early
1980s and planning is the responsibility of numerous
committees, including the National Consultative
Committee on Information Technology (NCCIT)
formed in 1988 (Raman and Yap 1996; Shari¡adeen
1994a,b, 1995; Baharuddin et al. 1994; Karthigesu 1996;
Hashim 1996). The country's strategic approach to ICT
planning and management includes establishment of the
National IT Council (NITC) which provides advisory
and consultative assistance. The Council is expected to
ensure that the social implications of ICTare considered
along with the need to develop human and technical
capabilities. The national strategy is linked to the V|sion
2020 development policy which emphasises that the ulti-
mate purpose of development should be for human devel-
opment. Projects include the Malaysian `Multimedia
Super Corridor' incorporating a new airport and `intel-
ligent' multimedia cities to attract investors, and use of
computers in education. A Multimedia Development
Corporation has been established to coordinate the devel-
opment of Malaysia's own `SiliconValley'. The goal is to
create an environment that will attract investment and
highly skilled knowledge workers. Potential investors
include the NipponTelegraph and Telephone Company,
Shell, Reuters, and Oracle (Kynge 1997). Skills, values,
and knowledge are accorded great importance. Policies
are beingdesigned to treat people as `learning individuals'
andto ensure thatICTsplayafacilitating role.The strategy
emphasises the need to prepare Islamic countries for the
information revolution.
Malta
Malta is implementing a National Strategy for Inform-
ation Technology. In 1992 the Malta Council for Science
and Technology (MCST), the advisory body to govern-
ment on national science and technology policies, orga-
nised a national conference entitled `V|sion 2000:
Developing Malta as Regional Hub through Comm-
unications Technology'. This led to the commissioning
by Government throughMCSTof a study involving over
100 experts and practitioners from various sectors to
develop a national strategy for ICT (Camilleri 1994a,b,c).
The study combined amacro-perspective on likely politi-
cal scenarios in£uencing economic and ICT strategies
with a micro-perspective on ICT issues in education and
human resource training, business, and telecommunica-
tion infrastructure development. The strategy was
presented to the Government in 1994 and set in motion
recommendations in several general strategic directions
and related initiatives in the education and telecommuni-
cation sectors. A review of the National Strategy for
Information Technology was carried out in early 1997
and one of the major recommendationswas the establish-
ment of a National Commission for Information
Technology (see Box11.3).
Box 11.3 - National Commission for Information
Technology, Malta
TheCommission is focusing on seven major areas:
] Nurturing an IT culture
] Promoting the development of skills in ITs
] Encouraging investment in state-of-the-art
telecommunication services
] Aiding the e¡ective use of IT inMaltese
organisations
] Promoting an indigenous export-oriented IT
industry
] Helping towiden the use of IT to enhance
government information services
] Bringing about sectoral cohesion through IT
Source: Balzan and Vella (1997).
In July1997, this Commissionwas set up with a chairper-
son from the private sector, andcomprises representatives
of theacademic,private,andpublic sectors.Itsmain objec-
tives are to keep the national ITstrategy updated, to take
responsibility for the implementation of certain parts of
the strategy, and to coordinate the work of public and
private organisations involved in this strategy.
Malta's ITstrategy takes into account themultiple dimen-
sions of IT including the technological, economic,
spatial, occupational, social, cultural, and legislative.The
approachstresses the importance ofprivate sector involve-
ment and investment for successful implementation of
the strategy. It aims to stimulate markets for ICTservices
and goods and to achieve e¡ective deployment of ICTs in
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all sectors. It is also concernedwith the developmentof the
necessary skills and infrastructure. The role of govern-
ment is toprovidemarketguidanceandtargeted incentives
for the country's small andmedium sized enterprises.
Thailand
Thailand's ICTstrategy includes measures to encourage
investment in an equitable national information infra-
structure. It emphasises investment in the skills base to
increase literacy and good governance.Thailand's goal is
to become a regional hub in SouthEeast Asia for ¢nancial
services, manufacturing, commerce, transport, tourism,
and human resource training. The telecommunication
network is digital with optical ¢bre and satellite links
betweenthemajorcities,butthereareproblems in extend-
ing access to rural areas. Although the telephone penetra-
tion rate reached one for every ten people in 1996, only
about a third of the population in the largest cities had
bene¢ted as many tambons (sub-districts) and almost all
the60,000villageswerewithoutpublic telephone services.
The country also faces a shortage of skilled people, the
estimated shortfall being close to 10,000 in skills in soft-
ware and telecommunication engineering ¢elds in 1996.
Investment in ICTs to provide public services lags
behind the private sector. The Five-Year Rural Thailand
Communications Expansion and Modernisation
Programme, an independent telecommunication regula-
tory authority, and a School Informatisation Action
Programme are among the recent government measures.
This last aims to achieve a PC density in all state schools
of at least one for every 80 primary school children, and
one for every 40 secondary school children.The IT2000
policy supports ongoing policy research, and the local
ICT industry (Durongkaveroj1996).
Indonesia, Korea (Republic of), Mexico, and Taiwan (Pr.
China) all have mixed strategies that emphasise both ICT
producerandusercapabilitieswithanoutward orientation
toward the emerging international market opportunities
in hardware and services production.
Indonesia
There is a ¢ve-year development plan which includes the
telecommunication sector. It is being opened to private
sector participation in order to increase telephone
density and improve services in rural areas (Idris 1996).
The telecommunication infrastructure is seen as vital to
the country's economic and social development. Mobile
satellite technologywill extendaccess to the infrastructure
but a `Universal Access Fund' is being established to
reduce the costs for individual subscriber lines in public
areas. Television broadcasting is the main infrastructure
for disseminating information, education, and entertain-
mentbecause of itswide coverage of rural andurban areas.
TheRepublic of Korea
A`Blueprint' for an information societyhasbeen launched
designed to develop and promote the use of the national
information infrastructure, strengthen competition in
the ICT industry, support ¢rms in the broadcasting
sector, improve the quality of services, and establish good
practice in ICT usage. There is a plan to establish a
National Backbone Computer Network (1997-2000). A
committee addresses potential trade friction with coun-
tries such as the United States and regions such as the
European Union as the country builds its capabilities to
address external markets for ICT goods and services
(NationalComputerisationAgency1996).
Mexico
The Instituto Nacional de Estadistica Geogra¢a e
Informatica is responsible for formulating national ICT
policies.A strategy is inplace topromote the development
anduse of these technologieswhich are regarded as a `stra-
tegic factor' for development. Policies emphasise the uses
of ICT and country-speci¢c ways of integrating them
within the economy and society. Emphasis is on active
rather than reactive policies, fostering the initiatives of
collaborative groups. ICTs are included in the Plan
Nacional de Desarrollo 1995-2000 to ensure that the
government will promote mechanisms to coordinate,
develop, and supervise new initiatives at the national
level (Guerra Benitez1996).
Taiwan (Pr. China)
A National Information Infrastructure Steering
Committee was established inTaiwan (Pr. China) follow-
ing recognition of the importance of ICTs for economic
growth (Institute for Information Industry 1995).
Government plans stress the role of ICTs in education
and training, the exploitation of ICT applications, the
promotion of computer literacy programmes, the devel-
opment of a high capacity telecommunication network,
and R&D in ¢elds including distributed databases, elec-
tronic data interchange, and geographical information
systems. Legislative measures are in preparation or
under discussion, with respect to universal network
access, equipment standards, intellectual property
rights,andotherareas.The aim is to support a competitive
national information infrastructure that will contribute
to human and cultural development.
South Africa,Viet Nam, and Ethiopia
TheICTstrategies inSouthAfrica,V|etNam,andEthiopia
represent cases of generic strategies to build capabilities
for using ICTs but from extremely di¡erent starting
points in terms of the capacity to attract investor interest.
South Africa
The1994 SouthAfrica Reconstruction andDevelopment
Programme established ICTs as a high priority sector
that should be closely linked with measures to meet the
basic needs of the population.
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Theuseof informationtechnologyprovidesamajorchallenge in
linking basic needs with information highways in innovative
ways that improve the capacity of industry to successfully rein-
tegrate into world markets. Southern Africa could lead the
way in providing this link so vital to the developing world
(SouthAfricanGovernment1994:17).
A1996White Paper onScience andTechnology observed
thatSouthAfricaneededanationalpolicytofacilitate inte-
gration into the global information society (Hodge and
Miller1998forthcoming).Aresearchandtechnology fore-
sight programmewas introduced to help reach consensus
among stakeholders andto ensure thatnationalR&Dpoli-
cies would be aligned with the country's development
goals. In the same year a Telecommunications Bill was
passed establishing a Universal Service Agency to fund
network access using revenues from the licence fees
levied on the telecommunication operators.The Bill also
outlined the conditions for phasing out the national
public telecommunication operator's ¢xed line monopoly
over the next six years. A National IT Forum has been
launched to provide an ongoing forum for debate among
representatives of government, the private sector, labour
and community organisations, and the academic
community.
Viet Nam
Anational programme for ICTdevelopmentwas initiated
in1993 inV|etNam. It stressed the use of ICTs by govern-
ment agencies as well as links between the development
of ICTs and economic and social policies. A National
Programme on Information Technology Steering
Committee was established in1994 and this led to the IT-
2000 programmewhich emphasised education and train-
ing, R&D, and the development of a data communication
network. Institutions and enterprises in all sectors are
encouraged to participate and the programme provides a
framework to coordinate activities between the Ministry
ofScience,TechnologyandEnvironment andotherminis-
tries such as the Ministry for Heavy Industry.The use of
ICTs by the government and strengthening economic
activities, skills, and R&D capabilities are stressed. A
major goal is to produce hardware and software for the
domestic market and subsequently for the world market.
Tax incentives, investment assistance and shared cost
schemes are under consideration to encourage the
private sector which has been slow to promote the ICT
sector.Policies andguidelinesonforeigninvestment, tech-
nologytransfer,and intellectualproperty rights protection
also need to be strengthened (Dieu and Le 1995,
V|etnamese Association for Computing1994;Vu1995).
Ethiopia
The National Economic and Social Infrastructure Policy
in Ethiopia emphasises the telecommunication infra-
structure, and coverage in remote places.The science and
technology policies for the agriculture, health, manufac-
turing, minerals, water, energy, and geo-information
sectors acknowledge the importance of using ICTs to
support information collection, analysis, and dissemina-
tion. A coherent approach taking account of basic infra-
structure requirements and human resource needs, is
required.
Many other developing countries are in the process of
making fundamental changes to their national inform-
ation infrastructures (W|lson 1996b). The changes
involve cooperation between a wide range of individuals
in the public and business sectors and new partnerships
between these individuals, the non-governmental organi-
sations (NGOs) that are becoming increasingly active in
the ICTarea, and between groups of citizens. As govern-
ments move to put new strategies in place they need to
balance the con£icting priorities of these individuals and
organisations.Amongthemostcrucial issues are the dyna-
mically changing relationships between:
] public and private ownership and control;
] monopoly and competition;
] national and foreign enterprise ownership and control;
] strong regulatory procedures and the removal of
controls;
] the introductionofsophisticatedICTsandprogramming
or information content from abroad and measures to
protect the national cultural heritage;
] measures todevelopuniversal access tonetworks,andthe
role of ¢nancing to address a rapidly changing competi-
tive market;
] intellectual property rights provisions to reward and
protect the creators of content, and measures to encou-
rage the use of intellectual property to educate and
inform as many people as possible;
] the need to build indigenous scienti¢c and technological
capacity and technology and to attract the latest leading-
edge technology from abroad.
Developing countries are in very di¡erent positions with
regard to each of these issue areas. Some countries are
taking measures to restructure their markets to promote
ICT production capabilities while others are concentrat-
ing on export markets (Ramani1998 forthcoming). Some
countries are giving priority to capabilities for using
ICTs while others are focusing on hardware and software
production skills and training. Short-term priorities
often mainly involve public and community services and
strategicplans to attract foreign investors into the telecom-
munication sector. ICT strategies need to forge strong
links between the ICT sector and development goals.
This requires an integrated approach with broad partici-
pation by all stakeholders.
11.3 Integrating national ICTstrategies
ICT policy overlaps with four well-established policy
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¢elds: technology, industrial, telecommunication, and
media policy (see Figure11.1).
Technology policy tries to stimulate the economy by
fostering innovation. Industrial policy is about growth
and employment. It tries to stimulate the emergence of
new industries in order to secure future growth. It often
attempts to slow down the exit of ¢rms from declining
industries in order to protect jobs. Telecommunication
policy seeks to secure the provision of communication
services, and media policy provides the framework for
the development of the audio-visual sector. W|th the
convergence of ICTs, these separate policy domains are
proving inadequate and it is not unusual for turf wars to
hamper the formulation and implementation of new poli-
cies that cut across existing policy domains. Technology
policies aimed at stimulating R&D have tended to target
manufacturingtechnologies rather thanservices.The tele-
communication equipment industry has been the
concern of telecommunication, technology, and industrial
policies but these are frequently notwell coordinated.
Many countries have separate ministries for technology,
industry, telecommunication, and the media (Meyer-
Stamer 1996). Restructuring to integrate existing minis-
tries in order to bring competencies together is very di¤-
cult and can lead to an intensi¢cation of turf wars.
Planning for the future of ICT development cannot be
left entirely to the state or to themarket.Neither approach
on its own is politically acceptable or responsive to the
emerging ICT `paradigm' (Freeman 1987). An early
failure to shape ICT development and use through the
coordinatedparticipationofallthe stakeholders in govern-
ment, industry, civil society, and the science and techno-
logycommunity,means that the trajectories of ICT devel-
opmentwill becomemore entrenched.
Economic and social development involving the di¡usion
and use of ICTs is highly `path dependent' (David 1975,
1985).Once a particular path ofdevelopment of a software
system, a telecommunication network, or an ICT-based
process control technology has begun to gather momen-
tum it can prove very resistant to radical changes in direc-
tion.This does not mean that there are no opportunities
to shape the trajectoryofICTdi¡usionanduse in develop-
ing countries. However, it does mean that the longer
decision-makers delay the introduction of strategies that
a¡ect investment in ICTs, themore likely it is that particu-
lar designs and architectures of systems and applications
will become ¢xed. This will make it more di¤cult to
tailor ICT products and services to the speci¢c needs of
developing countries. A failure to take early steps using
coordinatedICTstrategies also increases the costs of shift-
ing the trajectory of ICT development. A failure to shape
the structure of ICT production and use, can severely
restrict future policy options.
Technological innovation is not a once-and-for-all event.
The innovation process in the ICTsector is continuous
and it emerges as a result of interactive learning. During
this process there are many `degrees of freedom' and
opportunities to shape the direction of the development
of new ICTapplications if the capabilities are available in
the producer or user community (Mansell 1996c). If the
ICT selection process is uncoordinated and anarchic,
there is a risk that high costs will be incurred in terms of
abandonedtechnologicaldevelopmentpaths andforegone
opportunities for economic development.
National ICTstrategies involving a process of participa-
tory, interactive learning, and planning are emerging as
an alternative to either state planning or market lotteries
for constructing national information infrastructures. In
ICT policy
Needs to redefine
sectoral policies,
boundaries, institutions
and regulations
Media policy
Defining the framework
for provision of electronic
media content
Telecommunication
policy
Creating and shaping the
transmission infrastructure
Industrial
policy
Shaping industrial structures
stimulating structural change,
supporting competitiveness
Technology
policy
Stimulating the
development of new
technologies
Figure 11.1 - Policies for shaping integrated ICTstructure
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fact, the development of large technical systems has rarely
been left entirely to market forces. These developments
have been shaped by political factors, for example, the
post war experience in nuclear energy. However, in this
case, and in other large system developments, the
shapingofthe technological trajectory involveda relatively
small setofactors fromcertainbranches of the state execu-
tive, industry, and science and technology. There was
little direct involvement of citizens or other representa-
tives of civil society. It is debatablewhether itwas sensible
to leave these technology selection decisions to a limited
setofactors in the lightof their far-reachingconsequences.
Very large ICTsystems will facilitate, as well as constrain,
the development of `knowledge societies' for many
decades to come. Opportunities to shape the trajectory of
the development of this system in the developing coun-
tries can be created by involving a wide set of actors, and
especially by including representatives of civil society
(see Figure 11.2). Consensus conferences and future-
orientedworkshops arehelpful increatingan environment
for interactive learning involving actors from a country or
region as well as international participants. These fora
help to build bridges between the knowledge of people in
existing ministries, the business sector, NGOs, labour
organisations, etc.
Usingnewfora andother innovative legislative andregula-
tory instruments to create new coalitions of resources is
preferable to leaving the trajectory of ICTdi¡usion to the
market or to attempting to use a heavily centralised
governance structure to direct the path of development.
These approaches give rise to opportunities to establish
newgovernance systems that are responsive to innovations
in ICTs and to development priorities (Meyer-Stamer
1997).
Considerationcanbegiven topeople's expectations for the
delivery of services, the plans and architectures for the
delivery of transmission, switching, computing, and soft-
ware with appropriate training, and whether to develop
or recon¢gure hardware and software in the national
market or to `buy in' products and systems from external
sources.These opportunities can also create an environ-
ment for the ongoing assessment of people's information
needs and their changing capacities to use electronic
information and ICTapplications e¡ectively (Aksoy and
Goddard1990).
A better understanding of the role and impact of ICTs
within speci¢c development contexts is needed. A major
ingredient for this is the presence of a mechanism for
ongoing policy review, assessment, and monitoring
(Akhtar 1995). To design and implement a national or
regional ICT strategy requires consideration of several
major issue areas. Guidelines can be followed to ensure
that strategies are developed that help to harness ICTs to
priorities for sustainable development. The next section
highlights these areas, suggests guidelines for decision-
makers,andillustrateswhatcanbedone tomobilise invest-
ment and expertise.
11.4 Guidelines for national ICTstrategies
The United Nations Commission on Science and
Technology for Development (UNCSTD) Working
Group on ITandDevelopment concluded that ICTs o¡er
huge potential for creating economic and social bene¢ts
for all citizens.The application of these technologies also
has the potential for widening the gap between the rich
and the poor. If the bene¢ts are to outweigh the risk of a
widening gap, governments, the business sector, and civil
society must work together. Key considerations in the
State executive
and legislature
Shaping ICT as
a process of
participatory
interactive learning
and planning
Civil society
Science and
technology
community
Industry
Figure 11.2 - Actors in shaping integrated ICTstructure
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design and implementation of an ICTstrategy include the
following.
Producing and using ICTs for social and economic
advantage
Although there are risks, the production and use of ICTs
can result in very considerable social and economic bene-
¢ts. In order to avoid the risks, strategies need to create a
dynamic relationship between the technological and
human resources devoted to producing,maintaining, and
using ICTs.The pro¢les of country strategies are likely to
di¡er and the speci¢c targets of national ICT strategies
should be expected to change over time.
Developing human resources for effective national
ICTstrategies
ICTs are changing rapidly and new applications are being
created daily resulting in continuous change in skills
requirements.Fortunately, these technologies also contri-
bute new means of acquiring those skills. ICTs provide
themeansforenablinglifelonglearningandformorewide-
spread education which can lead to an improved quality
of life.National ICTstrategies need to encourage govern-
ments, businesses, and civil society to complement one
anotherbyusingICTs to enhance skills, formal education,
and informal learning processes.
Managing ICTs for development
The introduction of ICTs requires new forms of organisa-
tion. These organisational changes need to be identi¢ed
and implemented by informed managers. People are
neededwho can act as intermediaries andwho can coordi-
nate, integrate, and disseminate information drawn from
scienti¢c and technical research, and practical experience
about the production and use of ICTs.The management
of ICTs for development demands people who are know-
ledgeable about the technical, social, and economic goals
and a combination of ICT applications that support
national development priorities.
Accessing ICT networks
There are risks of social exclusion if businesses and citi-
zens do not have access to an adequate national inform-
ation infrastructure. Legislative and regulatory frame-
works can help to promote the e¤cient use of private
investment to extend and upgrade the national inform-
ation infrastructure in line with development priorities.
The national information infrastructure needs to be inte-
grated with the emerging global information infrastruc-
ture in a way that maximises the bene¢ts and minimises
the risks. The design of the infrastructure also needs to
encourage ICT development that is responsive to the
needs of di¡erent goups, including the poorest sectors of
the population and speci¢c communities, such as
women's groups.
Promoting and financing investment in ICTs
Market mechanisms alone are unlikely to be su¤cient to
generate adequate¢nancial resources to enable developing
countries, and especially the least developed countries,
to upgrade their national information infrastructures.
Governments can experiment with two-way investment
partnerships between local and foreign ¢rms. The new
ICTapplications can generate positive spin-o¡s through-
out the economy but this requires a coalition of resources
from the public and business sectors. This mechanism
could be more fully exploited by developing countries
(UNCSTD1997c).
Creating and accessing scientific and technical
knowledge
A failure to build a national information infrastructure is
likely to handicap the scienti¢c and technical research
communities in developing countries. Capacity building
involves the accumulation of scienti¢c and technical
knowledge to enable assessment, selection, application,
adaptation, and development of ICTs so that they contri-
bute to sustainable development. Expertise within, and
external to, developing countries needs to be coordinated
andstrengthened.Improved`earlywarning'ofnew techni-
cal,market,policy,and regulatorydevelopments is feasible
if networks of expertise are coordinated.
Monitoring and influencing the`rules of the game'
The international governance system for the global
information infrastructure is strongly in£uenced by the
governments andprivate sector stakeholders in the indus-
trialised countries. The rules in areas such as standards,
intellectual property rights, security, privacy, regulation,
and trade are changing and they have important implica-
tions for the strategies adopted by developing countries.
Developing countries need to share information and
strengthen their participation (through national or regio-
nal fora) in establishing these rules. The new rules also
need to be monitored so that steps can be taken to mini-
mise any negative impacts they mayhave.
TheGuidelines of the UNCSTDWorking Group
The UNCSTDWorking Group on ITand Development
generated a generic set of guidelines that can be used by
national governments and other interested stakeholders
to assist them indeveloping theirownnationalICT strate-
gies. The guidelines and a summary of the conclusions
and recommendations of theWorkingGroupare included
in Annex 3.
11.5 Coalitions of resources for building
capabilities
Inorder tobuilda capability inICTs anddevelopanational
information infrastructure, developing countries will
have to mobilise and pool large amounts of investment
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and expertise. Action is required in three closely inter-
related areas.
First, developingcountries should seek to create amarket-
friendlyenvironment(that is,one conducive to the regula-
toryandbusiness environment) and to formulate an expli-
cit national or regional ICT strategy. This involves
providing a coherent framework that secures an e¤cient
and a socially balanced allocation of scarce resources.
W|thout this strategy, it will be very di¤cult to build
powerful coalitions of resources for ICTsector producers
and users or to mobilise substantial funds from inter-
national investors and ¢nancial institutions, and the
donor community.
Second, it is necessary to ensure that any existing ICT
strategy explicitly addresses the question of ¢nancing.
There need to be operational guidelines on how to raise
and combine public and private funds from domestic,
regional, and international sources. Very few national
ICTstrategies meet this requirement. Finance strategies
are needed to systematically explore possibilities of
exploiting the principle of self-funding by building ICT
projects into existingprogrammes andrefocusing existing
expenditure. Mechanisms for coping with initially high
investment costs and foreign exchange constraints, and
accommodating the needs of rural areas and non-
commercial users in sectors such as education and
health, are also needed.
Third, given the complexity ofdeveloping an ICTstrategy
andlinkingthequestionof¢nancingtotheprocess ofplan-
ning and implementing the national information infra-
structure, existing governance processes need to be
reviewed and eventually adjusted. In line with initiatives
in industrialised and newly industrialising countries,
developing countries may seek to complement the
market mechanism and decentralised decision-making
structures with institutional frameworks that encourage
participatory planning procedures.
If action is taken along these lines, there will be scope for
even the least developed countries to build a capability in
ICTs and develop a national information infrastructure.
Financial resources and expertise have to bemobilised to:
] formulate a national ICTstrategy andmonitor its imple-
mentation
] build and operate the telecommunication infrastructure
] promote theproduction,maintenance, anddevelopment
of ICTs
] promote computer literacy
] promote the application of ICTs in ¢elds such as educa-
tion, health, public sector management
] support the agriculture, the manufacturing, and natural
resources industries, and the services sector.
Forming powerful coalitions of resources in these areas is
not just a question of mobilising and pooling funds and
expertise.Building ICTcapabilities also requires e¤cient
utilisation and management of funds and intellectual
resources. Guidelines for e¤cient use of ¢nancial
resources, mobilising and attracting new resources, and
managing the formation of new coalitions of resources
are outlined below.
11.5.1 Guidelines for securing efficient
resource use
A market-friendly environment is the key to the rapid
development of ICTs and the national information infra-
structure.The infrastructure cannot be developed simply
by adopting a market-driven approach. Given the exis-
tence ofmarket failures andtheneedto combine e¤ciency
and equity considerations, a national ICT strategy that
complements the market mechanism is required. A strat-
egy involving key decision-makers in the public and
private sectors as well as users of ICTs might aim to
achieve the following.
Integration of development policies: ICTs are a tool for the
development of other social and economic sectors. They
need to be planned and developed as an integratal part of
each country's overall development strategy (ITU1995c).
Building indigenous capabilities:TheICTsector needs to be
treated as a pro¢t sector like other sectors in the
economy. A strategy of building national (indigenous)
capabilities can be based on a clear medium- to long-
term vision.This vision should focus on the areas where
indigenous capabilities are needed and on the hardware
and software components and skills that must be
imported.A failure to de¢ne national strengths andweak-
nesses inICTproduction,maintenance,and development
can result in overly import-dependent development. It
can lead to lost opportunities to generate economic
growth, export earnings, and jobs. Insu¤cient mastery of
ICTs andaweakabsorptive capacityfor foreign technology
can also result from a failure to build capabilities in key
areas. Clearly justi¢ed `make or buy'decisions are impor-
tant for all countries and especially for the smaller and
least developed economies.
Balancing private pro¢tability and social welfare: Building a
capability in ICTs requires a focus on businesses and user
groups with su¤cient ability to purchase products and
services and the willingness to do so. An exclusive focus
on commercial viability is unlikely to be su¤cient for the
promotion of social and economic development. ICTs are
an important tool to increase the productivity of ¢rms
and of organisations providing social services such as
education and health. ICT applications can also help to
promote growth in remote areas. ICTapplications should
be addressed to the needs of sectors and regions where
short-term ¢nancial returns on investment are low but
the social welfare returns are high. Private pro¢tability
must be balanced against social welfare considerations to
avoid the development of two-tier `knowledge societies'
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where the divisions between the `haves'and `have nots'are
reinforced. In addition, building `knowledge societies' is
likely to involve cumulative e¡ects and increasing returns
that must be considered in the allocation of both private
and social investment.
Exploiting economies of scale and cooperation: ICT systems
generally are scalable o¡ering scope for a step-by-step
approach to building the national information infrastruc-
ture. However, an incremental approach to ICT develop-
ment, production, or use may result in wasted resources.
For example, if the telecommunication network is
designed only from a national perspective, this may lead
tohighercosts thanadesign that is integratedwith a regio-
nal, continent-wide, or international network. Regional
and international cooperationmayalso result in cost e¡ec-
tive solutions in the production of ICTs and in human
resource development and R&D activities. Cooperation
may also open up new possibilities for smaller countries.
Emphasising economies of harmonisation: The harmonisa-
tion of technical standards (network interfaces and proto-
cols) is of critical importance for the rapid emergence of
an e¤cient national information infrastructure. The
potential of networks can be maximised when network
interconnection and service interoperability are feasible
for national, regional, and international services (OECD
1996b; UNECA 1996b). Interconnection and interoper-
ability encourage competition and stimulate market
growth by reducing transaction costs and allowing the
exploitation of economies of scale and scope.
Exploiting economies of joint use: The investment costs of
installation of networks may be shared by di¡erent user
groups leading to a possible reduction in user charges
when the network becomes operational. Savings can also
be achieved by permitting the interconnection of private
andpublic networks.The use of public access points, tele-
kiosks, and multi-purpose telecentres are examples of
ways in which economies of joint use can be exploited to
enable wider public access to the national information
infrastructure at a reasonable cost.
Exploiting economies of joint production/economies of scope:
There is a potential for considerable savings if large scale
investment programmes for the national information
infrastructure can be linked to other major projects such
as the construction of roads, railways, canals, or electricity
links. The management skills for large scale projects are
likely to be common to some extent, resulting in lower
costs in this area aswell as inconstructionofphysicalplant.
Exploiting economies of coordination: In the competition for
¢nance and support, project proposers and funders often
seek to preserve the speci¢c technical characteristics of
their projects. If similar projects are implemented using
di¡erent technical standards, this is likely to dilute
resources and reduce the funds available for better
quality, self sustaining projects (Jensen 1996b). Project
planners andsponsorsneedto cooperate to avoid develop-
ing competing and overlapping ICTprojects.
11.5.2 Guidelines for mobili sing and
attracting resources
Bold strategies for building a capability in ICTs set targets
and de¢ne clear investment requirements (ITU 1995d).
National ICT strategies should explicitly address ques-
tions of ¢nancing. Many ICTstrategies consist mainly of
a collection ofprinciples.Figure11.3 shows the ownership
arrangements for public telecommunication operators in
Africa in1996.The number of joint ventures with foreign
companies and private operators marks a change from
the public monopoly ownership structure of the past.
Figure 11.4 shows the diversity of sources of ¢nancing for
infrastructure development that has occurred with the
change in ownership structure. In this complex stake-
holder environment general principles will not succeed
in mobilising investment in the telecommunication or
Administrations 41%
Other 5%
Licensed private enterprises 5%
Joint ventures with foreign
public operations 8%
Independent public corporations 13%
Government corporations
(partially or fully state owned) 28%
Figure 11.3 - Africa telecommunications ownership
Source: Communications International, July 1996.
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other areas of the ICTsector. Success in mobilising and
attracting resources will require very clear strategies.
The mobilisation and attraction of domestic and external
¢nancial resources necessary to ensure that ICT projects
are ¢nancially sustainablemay involve the following steps.
Focusing on self-fundedprogrammes orprojects:Programmes
and projects in the ICT¢eld should be based on the prin-
ciple of self-funding whenever possible. They should be
¢nanced by user charges or by other mechanisms that
generate a regular cash £ow, for example, advertiser-
supported models. In principle, revenues should be su¤-
cient to cover getting-started investment requirements,
maintenance,ongoingR&D,up-gradingcosts,debt servi-
cing, and operating costs.
Targetingcommercial users:Self-funding implies a focus on
users with su¤cient ability and willingness to pay for
ICT products and services in the ¢rst instance. Users in
sectors such as banking, insurance, trade, transport,
tourism, and the media are likely to be able to a¡ord the
costs and be willing to pay for applications which are
responsive to their requirements. Programmes aimed at
broadening the market for commercial applications in
the education sector, and for small- and medium-sized
enterprises, and micro-enterprises, are very important
in building the potential market.
Accommodating commercial users in remote areas: Self-
funding is unlikely to be feasible for programmes and
projects in rural and remote areas although there may be
some users in these areas with the ability and willingness
to pay for ICT products and services (World Bank 1994).
The costs of building the `last kilometre' of the national
information infrastructure are high. This means that
¢nance for the extension of services to remote areas must
come from government sources or from the introduction
of price structures that assume a contribution of revenues
to the costs of network development in low density tra¤c
areas. For example, a (small) surcharge can be included in
the prices for service in commercial centres with high
tra¤c densities. Rapid advances in wireless communica-
tion technologies are likely to improve the prospects for
building commercially viable infrastructures in remote
areas using the self-funding principle.
Accommodating non-commercial users: In sectors such as
health, education, government fundedR&D, and govern-
ment administration, the ability of users to pay for ICTs
is very weak.There is a need to earmark adequate public
funds to ¢nance ICTuse in these sectors and to attract
¢nancial resources from other domestic and foreign
sources. To maintain ¢nancial requirements at realistic
levels it is important to ensure that non-pro¢t ICTusers
are organised and operate in a business-like manner
(Jensen1996b).
Refocusingexistingexpenditure:There are always competing
claims on scarce resources and this is particularly so in
the leastdevelopedcountries.The potential for refocusing
existing ¢nancial resources can be exploited by ensuring
that public expenditure contributes to ¢nancing ICTs in
targeted sectors and institutions including schools,
universities, R&D centres, and government agencies.
Building ICTs into existing programmes and projects:
Development programmes and projects often do not
explicitly consider the bene¢ts of the cost-e¡ective use of
ICTs.However, the absence of an adequate telecommuni-
cation infrastructuremeans that somebasicneedsprojects
in rural areas, and in sectors such as education and
health, are limited in their use of ICTs (ITU1995c).The
feasibility of integrating ICTs into programmes for accel-
erating social, economic, and rural development should
be explored systematically.
Coping with high initial investment costs: Prices charged to
users are important in recovering investments and ¢nan-
cingoperatingcosts,butother sources of¢nance generally
Private capital markets 6%
Bilateral grants, loans, export credits 6%
Multilateral loans, credits, guarantees 6%
Government budgets or transfers 6%
Private licensees, franchises 5%
Power companies, etc 5%
Institutional investors 13%
Internal funds 40%
Joint ventures or consortia partners 13%
Figure 11.4 - Source of investment capital for infrastructure
Source: Communications International, July 1996.
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are needed for projects involving high initial investment
costs. The sources of funding that can be tapped and
combined include: the pro¢ts of network operating
companies, equipment supplier credits; loans from
domestic, regional, and international ¢nancial institu-
tions; domestic and foreign equity investment; medium-
or long-term credit from national, regional and interna-
tional venture capital funds for infrastructure develop-
ment; public funds and domestic bonds; concessions
from multilateral, regional, and bilateral donors; and
grants from international donors especially for the least
developed countries (ITU1996a).
Innovative ¢nancing mechanisms such as build-operate-
transfer (BOT) schemes have been implemented success-
fully in countries such as Thailand and Indonesia to
extend rural telecommunication networks. Other ¢nan-
cing schemes that may be feasible include build-operate-
own (BOO), rehabilitate-operate-transfer (ROT) or
build-lease-transfer (BLT) arrangements (ITU 1996b).
Fulluseofavarietyof¢nancingmechanismsoftenrequires
the use of complementary instruments such as guarantees
for investors and creditors covering commercial and poli-
tical riskbynationalgovernments and international¢nan-
cial institutions.
Coping with foreign exchange constraints: If there is no local
ICT production capacity the costs of imported compo-
nents may be as much as 80 per cent of total investment
costs for telecommunication infrastructure projects and
comprise close to 100 per cent of the total project costs
for components such as interactive terminal equipment,
computers, or software. For developing countries with
large trade de¢cits or weak international ¢nancial stand-
ing, the import costs of the information infrastructure
will be prohibitive.There are no short-term solutions to
overcome this constraint and the active involvement of
the international donor community will be needed espe-
cially in the least developed countries for an extended
period. During this period, these countries can begin
implementing policies to attract foreign investors by
introducing economic, structural, and regulatory
reforms and begin to develop endigenous capabilities in
targeted areas.
Although the resource requirements for building a
capability inICTs are large, awide range of¢nancial strate-
gies and instruments can be combined drawing upon
domestic, regional, and international resources to create
powerful coalitions of resources for developing national
information infrastructures.
11.5.3 Guidelines for managing the
formation of coalitions of resources
Mobilising andpooling resources for building capabilities
in ICTs requires adequate management capabilities and
decision-making processes. Neither a top-down nor a
very decentralised approach to decision-making is likely
to be su¤cient. Participatory planning procedures o¡er a
promising approach to capability development in the
management area.
In operational terms this approach may call for the estab-
lishment of a body (advisory council, national committee)
at the highest political level to oversee the development
of a coherent ICT strategy. Mission-oriented task forces
in ¢elds such as telecommunication infrastructure,
computer literacy, and human resource development,
and the application of ICTs, may also need to be estab-
lished to act in an advisory or advocacy capacity, to
provide guidance and coordination functions and need
not necessarily replace existing decision-making
processes. Government and public agencies, project
managers, professional organisations, and ¢nancial insti-
tutions can participate, together with ICTuser groups, to
ensure that strategies andICTprogrammes are responsive
to development needs.
11.6 Taking action now
Developingcountries need to develop their own strategies
by drawing creatively on experience to con¢gure their
technical and human resources to invest in ICTs in a way
that achieves the greatest social and economic bene¢ts at
the lowest cost.The precedingguidelines provide a frame-
work for the issues that developing countries need to
consider in formulating ICTstrategies. Each society has
its own distinct social and economic context. Therefore,
the design of a new ICTstrategy, or the improvement of
an existing one, involves a distinctive learning process for
domestic and other participants (Avgerou and Mulira
1996).This section outlines some practical steps that can
be taken by policy-makers and business people in the
short-term to minimise the risk of exclusion from the
`knowledge societies'of the future.
2
11.6.1 Monitoring and influencing the GII
Given the importance of a systematic and integrated
national ICTstrategy, the many local, national, regional,
and international organisations need improved coordina-
tion of their actions. Since these organisations have the
capacity to advance or retarddevelopingcountry interests,
government o¤cials need to maximise the interest of
these organisations in their priority needs and to ensure
that evolving strategies are consistent with development
goals (W|lson 1996a,b). The measures that might be
considered include:
] Assigningclearadministrative responsibilityfor tracking
key issues within the senior ranks of government.
] `Mapping' the environment, and deciding which agen-
cies will produce the most usable, relevant information
about what a country needs, and then tracking develop-
ments in those organisations. Institutional monitoring
needs can be given priorities so that some important
agencies are covered very well, and others less so.
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] Giving the responsible o¤cials the necessary technical
and material resources to gain full access to the global
networks for `virtual participation'.
] Creating a `V|rtual Forum'of monitors who are assigned
responsibility to track important global debates and
developments occurring around the GII and its institu-
tions, and to report on their relevance to developing
countries.
] Pressing for greater coordination of current e¡orts to
create regional marketing and information centres.
These can be coordinated with other regional bodies,
including non-telecommunication bodies.
11.6.2 Steps for managers in developing
countries
Vision, leadership, andpromoting organisational
change
The biggest ICT challenges that developing country
governments face are not technical. The technology is
available for most of what governments want to do
(W|lson 1996b). The challenge, especially for the least
developed countries, is to exercise vision and leadership
and to promote organisational change.The most success-
ful ICT producing and using countries are those best
able to combine V|sion-Leadership-Organisational
Change to serve national interests. The least successful
countries lack one, two or all three elements. Focusing
only on the production or acquisition of technology is not
su¤cient. National and regional leaders must have a
vision of ICTuses.
Vision
In the ICTsector the most practical step for a government
is to create a vision - being visionary is practical in today's
rapidly changing world. ICTs can be put to many uses.
Long-termvision is required to select themost important
technologies and applications for a particular country.
This requires a vision of the desired future, and a clear
sense of how ICTs could serve that future and help to
realise it.V|sions must be strategic and have the capacity
to recognise what can be changed and what cannot.
Having a vision means being proactive, rather than reac-
tive. Government decision-makers must believe that new
things are possible, for example, that in today's world
comparative advantage actually can be created using ICT.
Developing a national vision involves setting clear priori-
ties. The most di¤cult challenge for policy-makers in
developing a positive forward-looking vision is to recog-
nise that governments do not have all the answers. ICTs
are mostly driven by private suppliers responding to
private demands for goods and services.
Leadership
The essence of leadershipmeans articulating the vision of
what ICTs can do, sharing that vision with others, and
creating incentives that mobilise people to change their
behaviour, in accordance with a shared vision, as they
move toward their chosen futures.This means mobilising
resources so people can adjust their vision, and develop
new patterns of resources to meet new patterns of oppor-
tunities and challenges.
Organisational change
One of the greatest barriers to the successful development
and application of ICT is organisational change. To
achieve government vision and leadership requires the
creation of an e¡ective, £exible, and authoritative unit
close to the top of government. This unit should be
empowered to press these changes and to create opportu-
nities for producers and users to o¡er and implement
innovative products, services, and applications. A crucial
barrier to di¡usion is an organisation's capacity to absorb
a new technology.The introduction of hardware and soft-
ware into a plant or o¤ce is relatively easy. E¡ective use
of ICTs requires a profoundtransformation in the internal
organisation of the ¢rm and its interconnections with
markets and suppliers.The successful absorption of ICTs
requires technical capabilities and also e¡ective planning
and organisational capabilities (Hanna et al.1995).
Decision-makers need to be able to address each of the
following points and this requires substantial leadership
and organisational change.
Convergenceandbigdisputes over the truemeaning
of ICTs
In any revolution, there are always very serious and
sustained con£icts over the meaning of the changes.
Suchcon£icts occurwithingovernmentbetween compet-
ing agencies, and between government and social
groups, each seeking to impose its own interpretation.
The stakes are high - new directions in public policy,
professional status, and control of resources. The `ICT
Revolution' is no exception.
Such con£icts are inevitable because ICTs challenge the
de¢nition of the problem, who gets what resources to
solve it,andwhose careerwillbe advanced.Most countries
start the ICT revolution with a tendency to de¢ne the
problem as entirely a telecommunication problem.
Another misconception is to think the computer
problem will be solved by placing cheap, stand-alone
computers on desks in government departments. Better
answers emerge throughwidespread discussions between
governments, the private sector, and other stakeholders,
and across government units. One description of the
answer is convergence.
A truly national, visionary, and strategic perspective
recognises that convergence unites telecommunication
technologies, computers, and software to create networks
that can enable citizens to be more knowledgeable, better
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o¡ ¢nancially, and better served by governments and
¢rms, and to make their businesses more competitive
internationally.
Government needs to learn to`do newthings' to`win'
globally and locally
Being proactive in the face of the ICTrevolution is essen-
tial. Governments need to make a proactive response to
global information infrastructure-global information
society developments. They should avoid excessive or
heavy-handed interference in new ICT markets (OECD
1996b).
`The trillion dollar global deal'
The 1997 basic telecommunication services agreement
commits somedevelopingcountries to amajor restructur-
ing of their national telecommunication policies includ-
ing ownership of facilities, access to networks, pro-
competition regulatorypolicies, andnational information
infrastructure approaches.The outcome of these negotia-
tions is intended to be technology-neutral. It is very
important for o¤cials in the least developed countries to
understand this deal.These changes constitute a telecom-
munication strategy and a foreign investment strategy.
The least developed countries should not get too
`hyped up'about the ICTrevolution
Despite the sense ofurgency,the leastdevelopedcountries
have the time to approach their visions and policies in a
deliberate and careful manner. Government o¤cials
should beware of the hype. Success requires substantial
organisational change, and because organisational
change is very di¤cult, changes should be accomplished
by careful thinking about ¢nancing and ICT policy.They
should not be rushed.Much of the hype comes from self-
interested vendors based in the industrialised countries
and o¤cials of the least developed countries should be
especially wary.
Short-termexpenditure onICTswill competewith expen-
diture on other very important social needs such as trans-
port and medical care. In the medium and long-term,
investment in ICTs will contribute to expanding the
coverage andquality of health care services and improving
transport resulting in reduced competition for resources.
That is little consolation for the o¤cial who must live in
the short-term. In the short-term ICTexpenditure may
be a zero-sum a¡air.
The`gap' - there is no`convergence'on the horizon
without action
The prophets of the ICT revolution argue that a `gap'
between the information `haves' and `have nots' can be
prevented.There already are huge gaps such as the GDP
per capita`gap' betweenmost of the least developed coun-
tries and the industrialised countries. One study has
noted that at present rates of growth in the industrialised
countries and Brazil, it will take about 487 years to close
this gap (Pritchett 1996). At current rates of investment,
it will take more than 50 years to close the existing tele-
phone penetration `gap'.
Identifying andmeasuring the right thing
There are a variety ofways of mapping andmeasuring the
quantitative and qualitative changes associated with the
ICT revolution. Most experts believe they are incapable
of capturing the wide range of services and products now
available todevelopingcountries.There is little agreement
on what the new indicators should include. New metrics
are needed for `knowledge societies' that capture usage
rates and the capacity to use ICTs e¡ectively for develop-
ment, rather than only the availability of hardware and
services.
11.7 Conclusion - Sustainable development
should be the goal
ThegoalofanationalICTstrategyis to serve the consumer
and citizen.What is good for them is good for everyone
including the producers of the products and services.
When competition is intense, investment should rise and
prices should drop producing useful and desirable
information. Decision-makers often slip into an overly
technocratic approach that ignores the consumer and the
citizen. Consumer `demand pull' and citizen needs
shouldbeshapingtheICTrevolution.Insteadofbeginning
with the most sophisticated users, the strategies of
national planners could be designed for women and for
the marginalised people in urban areas and rural villages.
IfnationalICTdecision-makerswere togear deliberations
toward what people in these areas need each morning
when they rise, cook, want medical attention, seek crop
prices, need weather forecasts, and seek education and
jobs for their children, their ICT strategies would be
more balanced.
The ICTrevolutionpresents the least developedcountries
with a double challenge. They must assign quali¢ed and
able people to keep abreast of the latest developments in
the ICT ¢eld while they assign scarce human, organisa-
tional, and ¢nancial resources to meet the needs of rural
and marginalised people. Decision-makers who take the
initiative to develop coherent guidelines for national or
regional ICT strategies that re£ect their development
needs will take a major step toward building ICT capabil-
ities that enable people to bene¢t from these technologies.
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Notes
1 Based on ITU STARS Database (1996), three-year
averages for1990-92 and1992-94.
2 The International Federation for Information Processing
(IFIP) is a multinational federation of organisations with
technical committees covering a broad range of computing
themes like information systems, education, and communi-
cation. One of these deals with computers and society and
its mandate is to collect, exchange, and disseminate experi-
ences of developing countries and to develop criteria,
methods, and guidelines for the design and implementation
of culturally adapted information systems. A set of papers
on these topics is published inRoche andBlaine (1996).
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12 Innovative `knowledge societies' - Consequences of ICT strategies
12.1 Introduction - New opportunities and
social and economic risk
Some developing countries have been investingheavily in
the human and technical components of their national
information infrastructures. Some of these countries
already have national ICTstrategies in place.This chapter
considers the hopes and expectations associated with
ICTs.New investment strategies are expected to stimulate
economic growth and create new opportunities to
achieve a more equitable distribution of wealth both on a
global basis and within countries.The positive outcomes
of ICT strategies should begin to be visible in new
sources of employment and the potential for new ways of
working and organising the production of manufacturing
andservices.Thepossibilities ofenriched communication
and sharedunderstanding of cultures should be enhanced
and new knowledge should be available about how to
address awide rangeofsocial,economic,and environmen-
tal problems. Factors contributing to social exclusion
should start to decrease and the competitiveness of ¢rms
should be strengthened. Investment in ICTs should help
to reduce poverty and enhance the possibility of sustain-
able development.
There is a risk, however, that the di¡usion of ICTs and the
transition to knowledge-based development will exacer-
bate existing social and economic problems.The creation
of new jobs could be counterbalanced by the loss of jobs
in traditional sectors. The social and cultural infrastruc-
ture which enables a positive working environment and
community-based activities may not support the new
requirements of `knowledge societies'. Instead of being
empowered by ICTs, disadvantaged or excluded groups,
including women, the unskilled, and disabled, may be
further marginalised.
This chapter looks ¢rst at the potential contribution of
ICTs to economic growth (section 12.2) and then at their
impact in terms of job creation andthe growing tradability
of services. These two areas have major implications for
the distribution of economic resources on a global basis.
This aspect is examined in section 12.3. Sections 12.4,
12.5 and 12.6, respectively, look at the experience of tele-
working as an example of the `global' impact of ICTs,
women's use of ICTapplications to gain greater control
over their lives, and the contribution of unions to the
education, training, and re-training thatwill be necessary
to cope with major changes in skill requirements.
12.2 ICT investment and economic growth
Fiftyyears agoICTswere inaccessible tomostoftheworld's
population.Longdistance telephone servicesweremanu-
ally operated and employed thousands of `operators'.
Banks and insurance companies employed people who
performed arithmetical calculations. In the richer coun-
tries, households were more likely to have a radio than a
telephone and, in the poorer countries, the radio was a
luxury, even for those receiving electricity supply. The
world has changed enormously with respect to the avail-
ability and diversity of ICTs. A small minority of people is
still unaware of the telephone. A larger, but still modest,
minority is unaware of the television, and the broadcast
media have enabled most of the world's population to see
images of computers and communication satellites.
The seemingly relentless advance of technology and its
ever wider di¡usion suggest that people ¢nd value in it
and wish to incorporate it into their lives to the extent
that they can a¡ord it and it can be made comprehensible
and useful for their purposes. New markets are created,
new jobs are created, and newways oforganising thework-
place and other social institutions are emerging. The
process of transformation accompanying the spread of
ICTs is profound. ICTs bridge distances in time and
space, contribute to the productivity and diversity of
human activities, and foster new forms of human
relationships.
These transformations are ultimately processes of devel-
opment and growth, of evolution, and the £owering of
newpotentialities andalternatives.These transformations
are also capable of producing massive dislocations as
established competencies and habits are replaced by new
ones. For some people, this process will be destructive,
destroying their means of livelihood, threatening their
values andways of life, and creating a world inwhich they
feel incompetent. For others, however, the transforma-
tionsmade possible by ICTs are creating newand exciting
opportunities.
These alternatives of progress and exclusion run as two
threads through this report's examination of the role of
ICTs in building `knowledge societies'. For those who
welcomethenewworldthere aremanypositive indications
that ICTs will become more pervasive and in£uential in
the everyday lives of the world's peoples. In the case of
peoplewhofeel theymaybeharmedorwhofeel threatened
by these developments, there is considerable evidence to
suggest that they could be right. There are real issues of
choice about the rate and direction of ICT developments
in the coming years.
For many, the spread of ICTswill bring about new oppor-
tunities for economic growth. New markets, new
products, and new services are being created bringing
with them new sources of revenue.There is considerable
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evidence that ICTs contribute to economic growth.Much
of this contributionwill comeaboutthrough their capacity
to increase productivity, to create more economic output
with the same or fewer inputs. Over the long term,
measured in terms of human generations (twenty or
more years), the principal determinant of economic
growth is the ability to expand productivity. Neither
increases in labour nor material inputs are capable of
expanding economic output as rapidly as improvements
in productivity. Simon Kuznets, one of the creators of
economic growth accounting, explained modern
economic growth in exactly these terms (Kuznets1993).
Productivity growth improvements ensure that the
contribution of ICTs to long term economic growth will
be sustainable. The signi¢cance of ICTs is that as they
increase in capability they fall in price.They require very
large investments in skills and major transformations in
organisations, but ultimately they contribute more to the
production of goods and services than alternative tools
for producing those goods and services.
Another distinguishing feature of ICTs for economic
growth is the generality of their application. Like other
general purpose technologies, such as the internal
combustion engine and electrical power, the production
of ICTs, while a signi¢cant source of growth, has a
smaller impact than the use of ICTs on economic growth.
This can be comparedwith the development of the inter-
nal combustion engine whose use as a means of loco-
motion, to augment human and animal power, had far
greater impacts on economic growth than the production
of internal combustion engines themselves. Similarly, the
use of electricity makes a larger contribution to economic
growth than does the production of electrical power.
Economic growth is created by adding value to the input.
For ICTs, it is knowledge that is added and it is the
quality and variety of that knowledge which determines
the extent of their contribution to economic growth.
12.3 ICTs, a plus or minus factor in employment?
The impactofICTsonemploymentandthedistributionof
the di¡erent kinds of low and high-skilled jobs in the 21
st
century are the subjects of widespread and inconclusive
debate and research. Comparison of the gains and losses
in employment as a result of ICTs is di¤cult as numerous
empirical studies con¢rm.
1
The naive view of ICTs as
simply a process of automation and job destruction has
its counterpart in the equally naive view of ICTs as a
purely positive source of new employment. The OECD
countries have seen their unemployment rates edge
upwards in recent years.
2
In the United States, however,
over eight million new jobs were created between 1993
and 1996. Of these 60 per cent were in professional and
technical occupations, resulting in an upgrading of the
overall occupational pro¢le. Manuel Castells has argued
that, at least for the United States, the problems are
related not so much to overall unemployment as to selec-
tive unemployment (Castells 1996a,b). In Europe, the
EuropeanCommission has concluded that:
... in the short and medium term, temporary job destruction by
ICTcannot be excluded. But the opportunities they present can
be grasped if structural changes are made in companies, in
education and training systems and in society at large
(EuropeanCommission1996h: 4).
It is to be expected that growing use of ICTs in developing
countries also will bring the need for structural adjust-
ment as the patterns of employment change.
12.3.1 Productivity growth and the new
information services
The impacts of ICTs on employment are associated with
their impacts on productivity growth and output growth,
particularly with respect to the new information service
sectors. The degree of impact depends on the rate of
growth of new services which, in turn, depends upon
their responsiveness to market needs and on the distribu-
tion of productivity gains throughout the economy.
Productivitygains include the overall counter-in£ationary
e¡ects of falling costs and prices in microelectronics,
computers, and telecommunication which make it possi-
ble to substitute new con¢gurations of labour and equip-
ment for old ones. In addition, organisational
improvements and other, more dynamic, learning e¡ects
that yield e¤ciency improvements on the shop £oor,
production, planning, or administrative levels, make it
possible toreduce or toredeploylabour inputs. In attempt-
ing to assess the employment creation and destruction
e¡ects of ICTs it is therefore no longer possible to distin-
guish many of the direct negative and positive e¡ects
from the indirect e¡ects.The direct e¡ects represent the
new jobs in producing and delivering new products and
services as much as the old jobs being replaced by new
ICTequipment.The indirect e¡ects occur as the result of
the redeployment of labour and the recon¢guration of
market demand throughout the economy.
Bothdirect andindirectemploymente¡ects are likelytobe
substantial and will undoubtedly further intensify the
structural transformation of `knowledge societies'. The
rise of entirely new industries, such as the software indus-
try, the electroniccomputer industry, themicroelectronics
industry, and the video cassette recorder and television
industries, in the second half of this century, has brought
about new employment opportunities.All of these indus-
tries only barely existed before 1950 but now employ
millions of people. As new information and communica-
tion service sectors emerge they can similarly be expected
to provide new employment opportunities. However,
their capacity to do so will depend very much onwhether
the appropriate regulatory environment exists for the
emergence of new markets, and on the macroeconomic
climate.
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ICTs make it possible to acquire, store, and transmit
information in common formats. Software methods are
regularly devised to translate this formatted (or codi¢ed)
information across di¡erent hardware and software
systems, making it widely accessible. In this sense, ICTs,
and related software systems, are becoming truly `global'
technologies. W|th international data communication
and the compactness and durability of modern storage
media, stored information is increasingly bridging time
and distance.This allows organisations to locate the rela-
tively routine activities associated with the acquisition
and processing of information, wherever in the world the
advantage is greatest. In this more transparent global
world, greater trade in these activities is feasible. It is a
world in which economic incentives allow countries to
converge more rapidly and which brings about more
equitable development on a world level. This is clearly
advantageous.
In employment terms, Figure12.1provides an example of
the jobs generated in the ICT sector by a¤liates of
American majority-owned companies outside the
United States. In 1993, Europe had the largest share of
these jobs in computers but the Asia Paci¢c region had
the largest share of jobs relating to electronics compo-
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Figure 12.1 - Employment in majority-owned United States affiliates abroad, 1993 (thousands)
Note: Asia Pacific excludes Australia, Australia includes NewZealand and South Africa.
Source: OECD (1997c).
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Figure 12.2 - Employment in majority-owned United States affiliates abroad - computer services, 1982, 1993 (thousands)
Note: Asia Pacific excludes Australia, Australia includes NewZealand and South Africa.
Source: OECD (1997c).
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nents. Computer services jobs were located mainly in
Europe, an area now being targeted by many of the newly
industrialising companies.
Figures 12.2 and 12.3 show how the patterns of employ-
ment for regions can change over a decade. Europe
claimed more than 50,000 jobs of United States a¤liates
from1982 to1993 in computer services (Figure12.2), and
increased its share of jobs in electronics components
(Figure12.3).The share of the Asia Paci¢c region in elec-
tronics components fell slightly and Japan's increased
(Figure 12.3). These three ¢gures show that the Middle
East and the African region failed to build capacity to
attract these kinds of jobs over the decade.
ICTs contribute to economic transparency insofar as they
bring the cost advantages of alternative locations, interna-
tional capital mobility, and international `outsourcing' of
particularactivities totheforefront.Forexample, activities
such as software development, processing health insur-
ance claims, and maintenance of customer databases,
outsourced by North American companies, have gener-
ated 3,000 jobs in total in Barbados, the same number as
those employed in growing sugar cane. Certain routine
activities that were outsourced in the early 1980s were
either replaced by optical character recognition techno-
logy, or the jobs have been moved to low-cost Asian loca-
tions. Barbados is moving into back-o¤ce work which
requires more highly skilled workers. This move is most
de¢nitely facilitated by the workers' knowledge of
technologies and processes accumulated during the
earlier wave of outsourcing.
ICTs facilitate aglobalisationprocess that not only leads to
direct employment impacts but also to technological and
knowledge spill-overs. This could help industrialising
countries to `catch up' with many obvious economic and
social bene¢ts.The extent of this `catching up' is depen-
dent on many factors, such as the political, cultural,
economic, and social infrastructure, and the capability of
the country to bene¢t from technological spill-overs and
accumulated technology. Not all countries will be equally
well positioned to catch up in all industries. This ability
will depend on `created' and `natural' assets including the
availabilityofskilledhumancapital and information infra-
structures.
12.3.2 Tradability of services and the
distributional impacts
ICTs allow for increased tradability of services activities,
particularly those most constrained by the geographical
or time proximity of production and consumption in the
past. By bringing in a space or time/storage dimension,
ICTs are making possible the separation of production
from consumption in a large number of activities,
thereby increasing the possible trade of such activities.
The new ICTs o¡er the potential not just to collect, store,
process, and di¡use enormous quantities of information
atminimalcost,but also tonetwork, interact,and commu-
nicate across the world - the world becomes a `global
village'. The time/storage and space dimenions of the
new technologies are likely to bring about the further
opening up of many service activities, increasing both
their domesticand international tradability. As in the case
of the telephone, it is likely that the `new' emerging
computing and other electronics manufacturing sectors
ultimatelywill be relatively small compared to the growth
and size of new information and communication services
Electronic
components,
1993
Electronic
components,
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Figure 12.3 - Employment in majority-owned United States affiliates abroad - electronics components, 1982, 1993 (thousands)
Note: Asia Pacific excludes Australia, Australia includes NewZealand and South Africa.
Source: OECD (1997c).
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sectors. But the de¢nition of the services sectors will blur,
as more and more of the traditional `physically present'
service activities become `info-type' service activities.
ICTs have e¡ects other than bridging time and distance.
They also make it possible to tighten linkages in supply
chains, and to reorganise the logistics of product design,
production, and delivery. However, in more traditional
production processes, typical of industrial production
but also common in traditional service sectors such as
transport, and wholesale and retail trade, these linkages
and logistics e¡ects may dominate and the impact of
ICTs could be exactly the reverse. Many of the most
distinctive characteristics of the new ICTs are directly
related to the potential for linking networks of component
and material suppliers, thus allowing for reductions in
costs of storage and production time - typi¢ed by the so-
called just-in-time production system. At the same time,
the increased £exibility associated with ICTs allows for a
closer integration of productionwith demand, thus redu-
cing the ¢rm's own storage and inventory costs, that is,
just-in-time selling. Both features clearlywork in opposi-
tion to the features of ICTs that reduce the constraints of
time and distance. In so doing, they might reduce the
`tradabiity'of a number of intermediate storage and inven-
tory activities and enhance the value of local production
activities.
On balance, ICTs are likely to increase trade in services as
well as manufacturing. The competitiveness of service
enterprises, as for manufacturing, will be determined
increasingly by the business and macro-economic envir-
onment in which they operate and by the extent to which
theyare individuallycompetitive.Thus,itmaybe expected
that service industries will become increasingly depen-
dent on cyclical swings, foreign demand, import competi-
tion, and foreign investment.
How,and inwhatway,donewICTs impactonproductivity
growth in the service industry? The sector is huge and
there are many di¡erent ways that the potential improve-
ments in e¤ciency can be analysed and categorised.
Market segmentation, types of applications, modes of
delivery, and levels of commercial viability vary consider-
ably from one service to another. However, there are
somekeyelements that are common tomost serviceprovi-
ders. First, the use of ICTs a¡ects a company's internal
processes by providing opportunities to improve the e¤-
ciency with which organisations carry out their more
internallyfocusedfunctions(forexample,inter-enterprise
communication including electronic data interchanges
and extranets, document handling, work£ow, and data
warehousing). Second, ICTs o¡er new delivery mechan-
isms that customers ¢nd more convenient (for example,
call centres and interactive data exchange). Companies
are restructuring their businesses around key processes
that are customer-facing and concerned with how the
customer receives the service.
ICTs are concerned with `informatisation', the essence of
which is increased memorisation and storage, speed,
manipulation, and interpretation ofdata and information.
This will continue to increase the possibilities for `codify-
ing'manyhuman skills.This is not to denythe importance
of the `tacit' part of knowledge. On the contrary, as more
knowledge becomes codi¢able, the tacit knowledge is
likely to become even more crucial. Thus, the ability to
codify relevant knowledge in creative ways as well as the
competence to select relevant information and to use it
e¤ciently will become a more important source of
demand for skilled labour. By the same token, an increas-
ing number of routine skillswill become completely codi-
¢able and their importance will be dramatically reduced.
3
As the largest part of employment involves routine tasks,
there is increasing concern about the distributional impli-
cations of `knowledge societies' for employment patterns.
Box 12.1 suggests the potential for new opportunities in
countries with an appropriately skilled labour force.
Research on the impact of ICTs on employment falls
mainly into two categories.The ¢rst emphasises the long
term structural adjustment of the labour force to produc-
tivity enhancing technological change. The second
focuses on the likelihood of technology-induced unem-
ployment or high costs of labour adjustment to techno-
logical change (Cyert and Mowery 1987). Many attribute
the impact of innovation and technical change in the ICT
sector to the speed up of changes and the failure of
adequate adjustment in the organisation ofwork, training,
and education (Freeman and Soete 1994). But there are
di¡ering views on whether this factor is a primary cause
of the mismatch between the labour force that is available
andthe jobs that needtobe done inboth the industrialised
and developing countries (Cyert andMowery1987).
It is clear that apart fromcase studies on the impactofICTs
in the developing countries, there is very little basis from
which to project the actual outcomes of the present
moves towards `knowledge societies'. Some see the rela-
tivelyyouthfulworkforce as amajor advantage to develop-
ing countries, as young people can be educated and
trained, and are enthusiastic. However, problems will
arise as this young workforce is recruited by developed
countries, thus depleting developing countries of an
important portion of their workforce. The intellectual
capacity present in developing countries has to be realised
as a result of policy measures (Patterson 1995). Another
study of the growing potential of outsourcing work from
industrialised to developing countries, suggests that the
21
st
century may see the beginnings of reverse migration
patterns. Developing countries may start to attract
skilled workers who seek a lower-cost environment in
which to live using ICTs as a basis for teleworking (Forge
1995).
Essential to all the forecasts of employment generation
associatedwith ICTs aswell as the scale and pervasiveness
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of projected job losses is the training, retraining, and life-
long learning opportunities for all workers. Employment
policies need to be integrated closely with policies in
otherareas,andincreasingemphasisgiven tothe organisa-
tional, political, and cultural aspects of the workforce.
There is a growing belief, and some evidence, that the use
of new ICTs will continue to reduce the relative demand
for unskilled workers, while increasing the relative
demand for skilled workers. In Europe, the rise in struc-
tural unemployment over the last two decades stems in
part from the growing educational and occupational
`mismatch' between job losses and new employment
opportunities. Many such changes in the demand for
new skills are a direct result of the introduction of the
new ICTs.
Manystudieshave concludedthat the spreadofcomputers
and the increasingly problem-solving nature of many
jobs may underlie the non-neutral nature of ICTs which
are said to have increased the demands for skills (Rees
1994, Senker and Senker 1990). This is because, overall,
ICT-based new technologies tend to require lower levels
of traditional skills and higher levels of abstract and
synthetic reasoning abilities. They thus seem to both
increase the skill content and the share of high-skill jobs
and to reduce the skill content and the share of low-skill
jobs, leading to an upgrading of the skills requirements
in the workforce as awhole.
The global trading environment is being shaped by inter-
dependence in the economic sphere, growing interdepen-
dence and interconnectedness in the technological
sphere of ICTs, and growing government commitment to
the design and implementation of new strategies to
promote innovationandthedi¡usionofICTs.The bound-
ariesbetween technology,trade,andemploymentpolicies,
are blurring (Cassiolato 1996). Signi¢cant changes are
occurring in the composition of international trade.
OECDcountries are modifying the structure and organi-
sation of the production of goods and services.The inter-
national di¡usion of new ICTs is a central premise of
emergent `knowledge societies'. But in the absence of
widespreaddi¡usion signi¢cant parts of theworld's popu-
lationwill continue to be excluded.
One consequence of the growth in the importance of
advanced ICTs is the increasing di¤culty of monitoring
the £ow of information across national boundaries and
the problems of valuation of knowledge and software or
intangibles.
The newwealth of nations has a capital base of knowledge and
software.Thenewresourceof the informationage is information
itself: in home, educational, entertainment or industrial appli-
cations (Cordell and Ide1994:10).
4
Confronted with the accompanying widespread use of
various forms of information and computer technologies,
skill `mismatches' are likely to be much more pervasive
and general, raising questions about the inherent `skill
bias' of new ICTs. While these distributional concerns
pointtothe crucialneedtobroadeneducationand training
for all groups in society, they also raise fundamental ques-
tions with respect to possibly excluded groups, such as
unskilled or routine skilled labour.
Box 12.1 - IBM builds global high-level skill software team
InFebruary1997IBMannouncedplans to establish a`round-
the-clock' development cycle using software programmers
inChina,India,Belarus,andLatvia tobuildInternet software
components using the Java programming language,
`JavaBeans'. The project links teams of programmers from
Tsinghua University in Beijing, the Tata Group in
Bangalore, the Institute of Computer Science inMinsk, and
the privately-owned SWHGroup in Riga.Teams consist of
more than30softwareprogrammers coordinatedbya slightly
smaller IBMteaminSeattle. IBMhopes to cutboth develop-
ment cost and time by tapping into these o¡shore resources
(Taylor1997).
Building on the suggestion of JamesTobin, the1981Nobel
Prize winning economist who proposed a tax on foreign
exchange transactions, there have been suggestions about
ways of ensuring that an adequate tax base is maintained
as services become a larger share of world trade. In
Europe, the question being raised is whether and how to
develop `redistribution' policies to preserve the social
welfare systemwithin an increasinglyglobal environment.
A`bit tax' (or transmission tax) has been proposed as one
possible solution to be researched in order to distribute
the bene¢ts of the emerging information society more
equally (Cordell and Ide 1994; European Commission
1996d; Cordell et al. 1997). To avoid distortions it has
been suggested that if such a tax were implemented, it
should be done on a world-wide basis (Soete and Kamp
1996;Ward1996).Fordevelopingcountries, an important
issue is the feasibility of re-distributing revenues gener-
ated by a `bit tax' to enable network access for excluded
groups.
The issue of taxation according to traditional principles is
also being explored by the industrialised countries in the
light of the growth of electronic commerce activities.
5
Di¡erent countries are proposing varying methods of
determining the electronic commerce income tax base.
There are problems in imposing retail sales taxes on elec-
tronic transactions as well as in determining the value
added by electronic commercial inputs.The problems of
harmonising the tax rules continue to be discussed
(Becker1997). If changes are introduced toways of gener-
ating public sector revenues in the wake of electronic
commerce and increases in the tradability of services, the
impacts on information-intensive services supply and
access in developing countries could be substantial.
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12.4 Teleworking, employment, and the social
infrastructure
The teleworkingarmy will grow to 200 million world-wide by
year 2016 (mainly in the industrialised countries) (Nairn
1997b:Financial T|mes).
Cybercommuter:Ishasallives inCalifornia,worksinMalaysia
- This 28 year old entrepreneur runs a 50 person media
technology ¢rm that is helping to build the Malaysian
Multimedia Super Corridor. He has dinner around midnight
in Santa Monica, California, before going to work in
Malaysia via the Internet (Branegan etal. 1997: 30, 37).
The ¢rst quotation suggests that distanceworking is likely
to produce jobs primarily in the industrialised countries
in the foreseeable future.The secondquotation highlights
lifestyle issues.This `cybercommuter' works at night.The
United States is home to 24-hour shopping malls and
many forms of entertainment that enable social commu-
nities to operate at any hour. Most other societies do not
have these amenities to accommodate the social needs of
`cybercommuters'.The social infrastructure is an impor-
tant part of the working environment, and policy
measures, in areas outside the immediate concerns of
ICT policy, will be a¡ected as the structure and nature of
employment change.
Box 12.2 - Exporting low-levelwhite collar tasks
SwissAir has relocated its revenue accounting processes near
Mumbai Airport in India.W|th telecommunication links to
Switzerland, 1 million £ight coupons a month can be
processed with payroll cost savings between 20 and 25 per
cent ofSwiss costs per person.Togetherwith improved busi-
ness practices and better software systems, only 100 people
are required which is half the number formerly employed in
Zurich (Forge1995).
Box 12.3 - Services employment and the needs of smaller firms
UNIDO's Information Technology Services for Industry
(ITSI) programme o¡ers software packages that are custo-
mised to the needs of SMEs in developing countries.
Centres of excellence in software development are being
established to support the production and dissemination of
ICTs that are relevant to industrial processes and UNIDO
o¡ers technical expertise. The United Nations University
International Institute for Software Technology uses its
expertise in software development to respond to the software
needs of developing countries cooperating with software
specialists in developing countries re£ect local linguistic
and cultural conditions (UNCTAD1997).
If international telecommunication costs continue to
decline, telecommuting or teleworking could result in a
shift of certain jobs away from the industrialised countries
to lower-cost high-skilled developing countries.
Teleworking includes home-working, satellite centre
working (where an o¤ce provides the facilities for work at
a distance from the ¢rm), telecentre working (where an
o¤ce is shared by several ¢rms), distance group working,
and teleservices such as telesecretarial and telemainte-
nance services (see Box12.2).
Evidence of shifts in the structure of employment toward
teleworking in developing countries must be estimated
on the basis of projected growth in the industrialised
countries and from illustrations of outsourcing.
6
No
comprehensive estimates of the scale of teleworking activ-
ity in developing countries has come to light although
some countries may be collecting statistics.
The teleworking jobs that are beingexported involvehigh-
level, creative, and professional skilled work as well as
low-level information processing and clerical tasks.
These jobs require access to the new forms of `electronic
capitalism', for example, reliable telecommunication
links. It is forecast that new jobs are likely to grow in areas
such as biomedicine, aerospace, and semiconductor
design, ¢rst in the newly industrialising countries and
then in the economies in transition. Services jobs are
more likely to migrate to o¡shore trading zones where
countries, for example, in the Caribbean region, are
becoming ¢nancial services `back-o¤ces' for Wall Street
in theUnited States (Forge1995).
Speculation about the restructuring of employment and
unemployment patterns is being fuelled by investment in
national information infrastructures and in education in
some of the developing countries.The importance of low
wage costs in attracting new jobs cannot be ignored but
some countries are seeking to competewith the industria-
lised countries on the basis of quality in high-skill areas.
So far, outsourcing of jobs in the services sector is occur-
ring mainly in accounting, airline ticketing, data proces-
sing, healthcare record processing, insurance claim
processing, credit card handling, toll-free telephone
services, and some aspects of software development.
According to The Economist, most strategic decision-
makingroles arebeing retainedin the industrialised coun-
tries.
W|th an average Indian programmer's salary being less than a
third of his American counterpart's, Indian ¢rms reckon they
can undercut American ¢rms by 40% or more, even after
allowing for telecoms and other costs of such long-distance
work.ButalthoughIndiahas become theworld's favourite soft-
warejobshop,ithasyettoprovethatitcancomeupwith software
products of its own (Anderson1996:15).
A new set of `leap-frogging'opportunities is expected for
the economies with highly trained knowledge workers
(Reich 1991). Industry observers argue that China and
countries in east Asia will be the major bene¢ciaries of
the new knowledge-based occupations (Bond 1995).The
`end of geography' as a factor in the location of jobs is
expected to enable countries like Singapore, Barbados,
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and Mauritius, for example, to become world-class
exporters of services.
The Internet is the most recent network development to
generate employment. New information-intensive
`virtual' enterprises are being created generating jobs in
data entry and processing ¢elds, software development,
and on-line selling (He
¨
nault 1996). OECD studies
suggest that national information infrastructure develop-
ment in the industrialisedcountries shouldhave a positive
impact on employment (OECD1996d). Similar employ-
ment bene¢ts are expected for developing countries if
they invest in the necessary technical and human infra-
structure.The growth of telemarketing services suggests
that there are opportunities for employment in some
developing countries. In Mexico, for example, new
entrants in the telecommunication sector, direct satellite
broadcasting companies, banks, and other sectors are
seeking to provide telemarketing services to companies
mainly based mainly in the United States and Canada.
Call centres are also being located in Jamaica at the new
Digiport International Teleport where employees work
for about US$ 2 per hour compared to the US$ 10 per
hour rate in the United States (TeleProfessional
International1997).
Smallandmedium-sizedenterprises(SMEs)are expected
to provide jobs as ICTs become more widely di¡used and
the Internet o¡ers relatively inexpensive connectivity to
locations around the world. Smaller ¢rms are forming
communities - a concept at the heart of the Internet since
its inception(ArmstrongandHagel1996).Thesenew elec-
tronic communities are expected to generate economic
valuebycharginguser fees for their services orby charging
fees fordownloading information.Theymayalso generate
income on a per transaction basis, from advertising, and
by positioning themselves to take advantage of the
growing need to provide links in information `value
chains' between stakeholders in the market. V|rtual
communities of smaller ¢rms can contribute to capability
buildingby establishing an environment that is conducive
to generating economic value. The example in Box 12.3
illustrates how economic value can be created by using
ICTs.
These opportunities o¡ered by ICTs are extremely
unevenly distributed in the developing world. Where
there have been initiatives in some of the least developed
countries, theyhave not been documented systematically.
In Africa, for example, a study in 1996 by the Council for
Scienti¢c and Industrial Research reported that no
conclusions about the importance of ICTs for employ-
ment in the region could be reached on the basis of avail-
able evidence (Council for Scienti¢c and Industrial
Research1996).There was no detailed information about
the current situation. This was due both the absence of
projects focusing on employment and di¤culties in
obtaining information about relevant projects.The study
suggested that the majority of development programmes
that were using ICTs to boost employment were at an
early stage.
12.5 The gender implications of ICTs
Inher introduction toBoserup's(1989)reviewofthe role of
women in economic development, Swasti Mitter
discusses the tendency for women to be excluded from
decision-making fora which a¡ect both their home lives
and their participation in the paid workforce. She points
tothefactthatwomenare`ghettoizedinlowpaid,unskilled
and semi-skilled jobs' (Mitter in Boserup 1989: 3). ICTs
o¡er the potential for new forms of communication
among women, innovative modes of participation in the
workforce, and for building highly-skilled competencies.
However, these technologies also have the potential to
work against women's initiatives to contribute to social
and economic development. As Janet Momsen points
out, there has been a realisation that `development plans
mustbe rethought from the start so thatwomen's abilities,
rights and needs are taken into account at every stage'
(Momsen1991: 104).
Are planning processes leading to the production and use
of ICTs achieving this goal? It is not possible to estimate
the net employment impact of ICTs onwomen'smanufac-
turing employment in the developing world. However,
case studies at the sector and country levels are showing
that the di¡usion of ICTs alters production patterns in
both the formal and informal sectors of economies in
developing countries (Mitter and Rowbotham 1995). In
the services sector, women have experienced gains in
highly skilled employment involving ICTs. But they have
also experienced the `deskilling' phenomenon. In addi-
tion, although some women are entering work, for
example, in the software development ¢eld, conditions in
terms of contracts, wages, training, health, and safety are
often very poor.
Althoughwomen share some common di¤culties arising
from their dual roles as mothers and workers, policy-
making with regard to the gender-related aspects of ICTs
needs to consider thatwomendonot formahomogeneous
category within any society. The employment prospects
for women in developing countries vary according to
their class, backgrounds, and age groups. These factors
determine the opportunities that may arise or be lost to
them.The advent of ICTs, whether in manufacturing or
the services industries, is accompanied by a demand for
cheap but highly skilled labour. Although faced with
thesechangingskill requirements andtheneedfor contin-
uous upgrading of skills, few women have access to the
relevant education and training. Most are confronted by
obstacles to enrolment in formal training institutes.
These obstacles include a mixture of cultural barriers,
cost, and the in£exibility of hours of training which
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cannot be reconciled with their family and working lives
(Mitter1995).
Two distinct categories of initiatives to strengthen
women's position in relation to achieving the bene¢ts of
ICTs and to reduce polarisation between them can be
identi¢ed:
] those taken bywomen themselves in using ICTs as tools
of social and economic empowerment;
] those taken by national and international agencies to
ensure that women do not become excluded from the
bene¢ts of the emerging `knowledge societies'.
The evidence gathered from the developingworld so far is
optimistic about the future but there are still substantial
barriers to women being able to bene¢t from ICTs
(Mitter andRowbotham1995). Somewomen at the grass-
roots level, even in extremely poor countries, have
managed to use ICTs to improve their businesses, repro-
ductive health, and basic human rights.The examples are
few and far between because the technology is new and
mainstream research has taken little account of the initia-
tives of non-governmental organisations (NGOs) in the
developing world.The limited case studies at the micro-
level documented by the United Nations University
Institute for New Technology (UNU/INTECH) in co-
operation with NGOs in the developing world, highlight
an important feature.The sustainabilityofwomen's initia-
tives in `knowledge societies' depends on an enabling
environment which can be created through the e¡orts of
national policy-makers, donor agencies, and United
Nations bodies.
There is a very strong link between gender-related initia-
tives at micro- and macro-levels.There is also a need for
new alliances in civil society. This interdependency is
particularly evident in the experiences of Sub-Saharan
Africa, one of the poorest regions of the world. The
average citizen has limited, and often very expensive,
access to innovative technologies.Even so generic applica-
tions of ICTs have reduced the cost of communication
andmade it possible forwomen to collect and disseminate
informationwithin andbeyond their national boundaries.
The power of ICTs in creating such an environment has
beenvisible since l992,forexample, in the communication
centres in Accra inGhana.These centres have simple set-
ups with fax, telephone, copy machine, and a computer
service. They serve the business needs of the owners as
well as the centres'clients.These centres, now numbering
between 50 and 60, are owned almost exclusively by
women, and servemanywomen clients.Until the restruc-
turing of the government-owned telecommunication
company in l991, telephone calls were expensive. The
cost of sending an e-mail was US$ 18 on average, and the
average monthly salary of a professional woman was
approximatelyUS$25.After restructuringof the telecom-
munication sector, the cost of e-mail tumbled to about
US$ 1.10. Still high by most standards, this dramatic
reduction in cost opened up new channels of business
communication nationally and internationally especially
when organised on a collective basis. In a society where
there has been a long tradition of women traders, ICTs
now o¡er to women especially, new scope for business
ventures. Redundancy payments from the retrenchment
during structural adjustment, together with repatriated
funds from overseas relatives, have provided start-up
capital and newways of generating a livelihood. Aword of
caution is important here - similar successful initiatives
in Nigeria are reported subsequently to have been taken
over by men.
SangoNet in South Africa is another example of a grass-
roots initiative committed to expanding women's partici-
pation by using ICT.This network is the African partner
of the Alliance for Progressive Communications (APC), a
consortium of 21member networks dedicated to serving
NGOs and citizens working for social equality, economic
justice, and environmental sustainability. The SangoNet
website contains information aboutwomen's projects and
campaigns in South Africa including those related to
reproductive rights (Marcelle1998 forthcoming).
ICTs, by enhancing the communication power of the
NGOs, also helps to defend the dignity and rights of
women activists. Thus, for instance, Drik, an NGO in
Dhaka, Bangladesh, acts as the leading, though uno¤cial,
e-mail provider through Drik Tap. It is linked with
TOOLS, a Dutch-based NGO. In a country where
computers cost as much as half a year's salary, and a
modem costs more than a cow,DrikTap serves as an elec-
tronic post o¤ce.The ease of communication gives acti-
vists, including women activists, a chance to have their
voices heard more e¡ectively both inside and outside the
country.There is a bleaker side to these developments for
womenas a resultof theuse ofanostensibly democratising
technology. Bulletin boards often are dominated by men
and are used to send messages that are anti-women, and
pornographic. It is very di¤cult to implement regulatory
measures to control this behaviour.
The APC and itsWomen'sNetworking Support Program
exemplify the way in which ICT could be used to make
women's roles more visible in public arena. At the World
Conference on Women in Beijing in 1996, the APC
providedInternet connections andelectronic information
services to participants in both the NGO and o¤cial
government conferences. This enabled women to have
`hands on' training in using some of the services and, for
many of them, this was their ¢rst contactwith computers.
It also allowed news from the conferences to be dissemi-
nated to womenwho were unable to attend enabling their
`virtual participation'.
In the emerging`knowledgesocieties',access to communi-
cation is becoming the key tool for social inclusion. A
focus on the e¡orts of women and their use of ICTs is
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very important because their knowledge is necessary not
only to ensure that women gain their rightful share of the
social and economic bene¢ts of ICTs, but also because
women's initiatives can provide a model for improving
the opportunities for other marginalised groups that
traditionallyhave beendenied equitable access to employ-
ment, property, political rights, and education.
Gender equality in science and technology for develop-
ment was the United Nations Commission on Science
and Technology for Development's theme from 1993 to
1995.This work drew attention to the gendered relation-
ships that emerge with the di¡usion and use of advanced
ICTs (Marcelle and Jacob 1995; IDRC Gender and
InformationWorkingGroup1995).Theresultswere incor-
porated in a `Declaration of Intent on Gender, Science,
and Technology for Sustainable Human Development'
(GenderWorkingGroupUNCSTD1995) (see Box12.4).
The UNCSTD recommended that governments adopt
the Declaration as a means of orienting policies and
encouraged by this, several governments have set up ad
hoc committees in their countries to address gender-
related issues. The International Federation of Institutes
for Advanced Study (IFIAS) is undertaking a survey of
the use of ICTs by African women, the barriers to using
these technologies, and strategies to facilitate women's
access to ICTs. The aim is to compile an inventory, and
case studies, to highlight the gender related issues
(Huyer 1997). Other initiatives include United Nations
sponsored seminars on the participation of women in
manufacturing and gender awareness training. Research
on the impact of new technologies on women's industrial
work in Asia and entrepreneurial opportunities for
women in the Asia Paci¢c region has been carried out
(Mitter and Rowbotham 1995) and was extended into
1997. Regional workshops involving NGOs and govern-
ment bodies have been held in Bangladesh, China, India,
Indonesia, Malaysia, the Republic of Korea, and Sri
Lanka (UNCSTD1997d).
Policymeasures continuetobenecessarytoreduce the risk
of exclusion of women from the bene¢ts of ICTs. A
recent study of women's experience of ICT-related
employment reports that,
...womenareas excludednowas theyhavealways been fromthe
formal endeavour of designing and shaping information tech-
nologies.They are marginal to the professional echelons of this
work,andmoreandmore,giventhehostilityoftheITworkplace
culture to women, they are electing not to enter it. This is the
pattern in all countries of the world, even those which have a
relatively strong record of women's participation in IT profes-
sions (the Nordic countries, for example). On the other hand,
the menial and extremely hazardous work of assembling IT
systems is almost exclusively female, andmuch of it is consigned
to women who live and work in desperate poverty in the non-
developing countries of theThirdWorld (Webster1996:177).
There are signs of change in the policy debate about the
gender implications of ICTs and other technologies, and
there are signs of positive change for some women. But
the realityofcontinuingpovertydespite the opportunities
ofwork associatedwith ICTs is extremely slow to change.
Box 12.4 - Gender, and science and technology for sustainable
human development
All governments agree to work actively toward the following
goals:
1. To ensurebasic education for all,withparticular emphasis
on scienti¢c and technological literacy, so that all women
andmen can e¡ectively use science and technology to
meet basic needs.
2. To ensure that men andwomen have equal opportunity to
acquire advanced training in science and technology and
to pursue careers as technologists, scientists, and meet
engineers.
3. To achieve gender equity within science and technology
institutions, including policy- and decision-making
bodies.
4. To ensure that the needs and aspirations ofwomen and
men are taken into account equally in the setting of
research priorities, and in the design, transfer, and
application of new technologies.
5. To ensure all men andwomen have equal access to the
information and knowledge, particularly scienti¢c and
technological knowledge, that they need to improve their
standard of living and quality of life.
6. To recognise local knowledge systems, where they exist,
and their gendered nature as a source of knowledge
complementary to modern science and technology and
valuable for sustainable human development (UNCSTD
1995).
Another study drawing on the experience of Malaysian
women is more optimistic ¢nding that ICTs combined
with industrial restructuring have yielded some positive
impacts.However, this has notbeen auniform experience.
This study acknowledges that a small group of women,
mainly graduates, has managed to make inroads into
information processing jobs creating positive opportu-
nities for women.When women have been provided with
opportunities for training they have adapted quite easily
to the employment o¡ered by new technologies.
However, the employment situation of the majority of
women in Malaysia is still concentrated in the low-
skilledor semi-skilledareas andthis situation is replicated
in other Asian countries. The case studies show that
womenworkers form the majority of clerical workers, and
data entry, and production operators.Their lack of start-
up technical skills makes them vulnerable in a changing
labour market (NgChoonSim1998 forthcoming).
The quality ofworking life needs to be taken into consid-
eration when assessing the bene¢ts of employment asso-
ciated with ICTs (see Box 12.5). `Information workers'
oftenmustbegin travellingearly in themorning, returning
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to their homes around 7.00 p.m. Although in some cases
unions are attempting to improve conditions for women
workers, there are suggestions that a recordofunion parti-
cipation can mean that employment opportunities are
not available (WomenWorking World-W|de 1991 cited in
Webster1996).
Box 12.5 -The employment of young women from rural areas
In the Penang FreeTrade Zone, there is an apparent labour
shortage and companies are transporting workers from
Kedeh state by bus. The companies say they need young
women aged 18-25 because they are more dextrous than
men at the ¢ne work on the production line. They also
believe that young women from the country will be less
likely to join unions, especially on a national scale. Although
women are available for the work in Penang, they are not
considered suitable because they are married with children,
and have poor eyesight due to having already worked in the
microelectronics sector (WomenWorking World-W|de 1991
inWebster1996: 51).
Conferences on the role ofwomen in science and techno-
logy for development such as the July 1997 symposium
on `women, science and development - from indigenous
knowledge to new information technologies' have been
organised under the auspices of the Paci¢c Science
Association and the Gender, Science, and Development
Programme of the International Federation of Institutes
for Advanced Study. The integration of women's know-
ledge into development planning and the gender dimen-
sions of ICTs in Asia and the Paci¢c region have been
discussed.
7
12.6 Planning for the transformation of work
Labour unions around the world representing unionised
workers in the ICTsector are recognising thatmany tradi-
tional jobs, especially in the installation and maintenance
of telecommunication networks, will be eliminated as
advanced technologies are introduced and markets are
opened to competition. However, it is also expected that
new jobs will be created in the design and provision of
network services and multimedia products. There is a
growing need for detailed employment studies so that
the sta¤ng impact of new ICTs can be understood and
plans for re-education, re-training, and re-skilling can be
put in place. Some of the expected changes involve
(Darlington1997):
] Changes in the nature of jobs: Traditional boundaries
betweenjobs in thesegments oftheICTsectorwill disap-
pear.The telecommunicationengineer, the broadcasting
technician, and the software specialist will have increas-
ingly similar computer-related skills.
] Changes in the structure of work: The standard working
week will become less common with more people
working part-time, more £exible hours and shifts to
short term £exible contracts.
] Changes in the structure of organisations: The growing
presence of relatively autonomous units and project
teams (that is, the £exible ¢rm or network organisation)
will characterise the sector, and outsourcing of some
aspects of business will becomemore common.
] Changes in the location of jobs:Various forms of telework-
ing that is, from home, a `hot desk', or a neighbourhood
centre, will bring £exibility, but also problems of isola-
tion and exploitation.The potential for outsourcing via
teleworking from industrialised countries to developing
countries, and between countries in developing regions
will present increasing challenges for the enforcement
of labour contracts and the quality ofworking life.
Union responses to the changing employment and
working conditions include research to monitor the
impact of innovations in ICTs; communication with
memberships to discuss the implications of these
changes and plan new ways of responding to members'
needs; recruitment innewentrycompanies; and coopera-
tion across the boundaries of the sector and the use of
ICTs to help in exchanging information and experiences
around the world. Participation as a key stakeholder in
the formation of national ICTstrategies is also vital.
An important cause of unemployment in the ICT indus-
tries is the `downsizing' of public telecommunication
operatorworkforces as a resultofprivatisationand increas-
ing competition. For example the British Telecom work-
force was reduced by 42 per cent between 1990-1995.
Market restructuring is accompanying the liberalisation
trends in developing countries. A review of these trends
around the world suggests that the impacts on the size of
the workforce often take about ¢ve years to materialise
after initial measures to open markets to competition.
This lag may create a `window of opportunity' for some
developing countries to initiate training and re-training
schemes through government-industry partnerships and
with the involvement of all stakeholders including union
representatives (Mansell andTang1996).
12.7 Conclusion -The social and economic
interests of developing countries
Investment in a highly skilled labour force is helping to
create new employment opportunities in some of the
developing countries. However, it is unclear whether
people who are already socially or economically excluded
from the workforce are bene¢ting from ICTs. In the
absence of systematic empirical data little can be said
about the costs of transition to economies in which
knowledge-based production is increasingly central. For
those without opportunities for skills upgrading, changes
in employment patterns lead to a greater risk of exclusion
from theworkforce.
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As the least developedcountries assess their strengths and
weaknesses in the light of the job creation potential of
ICTs, the conditions of employment, and the capacity of
the social infrastructure to support the new workers,
need to be considered. On the one hand, information-
related service jobs are associated with the dislocation of
family and community life and threats to the health of
workers especially for women. On the other, new types of
employment and modes of work organisation can be
highly bene¢cial, leading to improved quality of life and
greater economic resources.
The relationship between investment in education and
training, and the kinds of jobs that will need to be done
in knowledge-based societies, must be fully understood.
Initiatives to generate empirical information on changing
patterns of employment, training requirements, and the
quality of the work environment, could be launched by
international agencies and the private sector in coopera-
tionwith national governments.
The increased tradability of services will depend on
whether continuing innovation in ICTs enables more
knowledge to be codi¢ed in digital formats. However,
tacit knowledge which enables people to produce or use
information creatively, will remain an essential issue as
e¡orts are made to harness ICTs to development.
Research is needed on how far ICTs will reduce barriers
to the redistribution of work and job opportunities
around the world.These programmes would need to give
special emphasis to the needs and requirements of
women and other marginalised groups.
Notes
1 See particularly, Ja¡e and Froomkin (1968), Freeman et
al. (1982), Freeman and Soete (1994), National
Commission on Technology, Automation and Economic
Progress (1966), and Michael (1962: 5) who argues
concerning the impact of computers,`Using these machines
does not merely involve replacing men by having machines
do tasks that men did before. It is as John Diebold (1959:
3) says, a way of ``thinking as much as it is a way of doing.
... It is no longer necessary to think in terms of individual
machines, or even in terms of groups of machines; instead,
for the¢rst time, it ispractical to lookatanentire production
or information-handling process as an integrated system
and not as a series of individual steps''.'
2 Especially in the European Union, where unemployment
rates in the majority of countries have been in excess of
10%, see OECD (1996d), European Commission
(1996h).
3 It is interestingtoobserve that, in contrast,despite the prolif-
eration of cookery books there is still a highly paid skill
called being a `master chef ' and this illustrates that some
human tasks might never become codi¢able. This explains
why the idea of ICTas a`skill biased' technical change, does
not really capture the complexities of the de- and re-skilling
processes, see inmore detail (OECD1996e).
4 Seearguments about the`resource'and`product'character of
information and ICTs and their impact on institutions and
organisations (Melody1981, 1985).
5 Multi-jurisdictional taxation of electronic commerce was
the subject of an April 1997 symposium hosted by the
InternationalTaxProgram ofHarvardUniversity
(Becker1997).
6 Most of the evidence is from theUnitedStates orEurope, see
Culpin (1996). Foran overviewof the development of tele-
services and telework in Europe, see Richardson (1998
forthcoming), Reardon (1998 forthcoming), and
Narendran andWalker (1996).
7 Organised by Nancy D. Lewis, and T|tilia Naitini,
SPACHE, conferences in Germany were also planned in
1997. International Federation of Information Processing
(IFIP) Conference on Women, Work and Computer-
isation, Bonn, 24-27May and the JANUSProject: New
Learning Technologies and Women, organised by the
Women in Global Science and Technology Network of the
Canadian Congress for Learning Opportunities for
Women (CCLOW), 21-22March1997.
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13 Tools for building ‘knowledge societies’
13.1 Introduction - Combining social and
technological capabilities
This report stresses the fact that the industrialised coun-
tries are becoming knowledge-based societies. It raises
questions about the role that ICTs are likely to play in
building innovative ‘knowledge societies’ in the develop-
ing world. A central conclusion is that ICTs can make a
major contribution to sustainable development but that
this opportunity will be accompanied by major risks. For
example, the least developed countries face enormous
risks of exclusion because they often lack the economic
and social capabilities needed to take advantage of innova-
tions in ICTs.The developing countries will need to ¢nd
ways of combining their existing social and technological
capabilities if they are to bene¢t from the potential advan-
tages of ICTs. These technologies enable innovations in
the methods used to acquire and generate knowledge that
is relevant to solving speci¢c development problems.
From the topics covered in this report ¢ve main conclu-
sions emerge aboutthepotential role ofICTs in developing
countries: 1) ICTs can be employed as tools for develop-
ment, but their e¡ective use requires investment in a
combination of technological and social capabilities; 2)
although domestic production can contribute to develop-
ment goals, most countries will obtain greater returns
from investments in the capabilities to use these techno-
logies; 3) the capabilities formobilising these investments
andbringingthemintoe¡ectiveusedi¡eramong develop-
ing countries; 4) ideally, these investments in capabilities
should be undertaken simultaneously, but when they
cannot be undertaken in this way, investment in social
capabilities should receive priority; and 5) new partner-
ships or coalitions are needed to address a variety of coor-
dination, investment mobilisation, and social problems
in these countries. These conclusions indicate why the
Working Group on IT and Development of the United
Nations Commission on Science and Technology for
Development recommended that developing countries
should establish national or regional ICTstrategies.
13.2 Tools for knowledge-based development
Chapter 11 contains practical guidelines for decision-
makers in the public and private sectors.These guidelines
cover a range of issues that need to be considered in reach-
ing decisions about an e¡ective ICT strategy. Many of
these issues involve choices about how to improve upon
the availabilityof the ‘tools’ for knowledge-based develop-
ment. The experiences and capabilities of developing
countries in producing and using ICTs are very di¡erent.
It is therefore unrealistic to focus exclusively on the use
of ICTs, or on their domestic production, in a ‘source
book’ of this kind. Somewhat greater emphasis has been
given to the policies and strategies that are likely to create
opportunities for the use of ICTs in sectors of the
economywhere theyhave thegreatest potential tobe e¡ec-
tive. If these opportunities are to be exploited, it will be
necessary for many countries to develop the capabilities
to adapt, maintain, customise, and re-con¢gure existing
‘ICTsolutions’ to speci¢c requirements.
As industrialised countries have discovered, measures of
the extentofuse ofanyspeci¢c technologyare not e¡ective
indicators of the development of knowledge-based socie-
ties. ICTs are capital goods that can improve productivity
and raise quality through their intermediate use in the
production of goods and services. W|thout new skills,
investments in other equipment, and organisational
change, the potential of these technologies cannot be
realised.This means that it is very important to focus on
the complementary aspects of ICTuse and to recognise
that decisions abouthow ICTs are developed and incorpo-
rated in social and economic activities are crucial to their
e¡ectiveness.
The decisions taken by developing countries about their
ICTstrategies cannotbe isolatedfrominternational devel-
opments. Chapters 9 and 10 have shown that the options
available to developing countries are strongly in£uenced
by international governance institutions which establish
rules on trade, intellectual property rights, and the opera-
tion of international telecommunication networks.These
institutions are largely dominated by decision-makers
from the industrialised countries, although the represen-
tation of developing countries has increased in recent
years.
Although international developments may constrain
certain choices,manyof the applications of ICTs in devel-
oping countries illustrated in this report, especially in
Chapters 5 and 6, show that people are capable of taking
action touse these technologies toachievebetter outcomes
in their lives. The challenge for developing country
decision-makers is to create policy frameworks that
encourage, support, and release peoples’capacities to use
ICTs for producinguseful knowledge andother resources.
The fact thatmanyof the technological developments and
initial ideas about applications occur in the industrialised
world sometimes suggests that developing countries
should ‘wait and see’ whether these applications will
prove to be useful to them at a later stage. It is very impor-
tant to develop strategies to harness innovations in ICTs
to development goals. Special attention needs to be given
to modifying the technologies and applications to
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support these goals. Innovations are needed to transform
‘digital’ information into useful knowledge on the shop
£oor, in schools, in agriculture, in non-pro¢t-making
community initiatives, in commercial, and in government
activities. Investment in education and training and in
some areas of ICT-related R&D, is necessary to make this
transformation. Little can be accomplished even when
these technologies are available ‘o¡ the shelf ’ (Wade
1990), if this capability-building process is not underta-
ken.
Di⁄cult decisions and formidable coordination chal-
lenges are involved in initiating or sustaining this
capability building process. For the policy-maker or
private sector investor, there are often apparently intract-
able con£icts over investment in ICTs versus investment
in other sectors. Policy-makers operate in a political
world in which their capacity for action is highly
constrained both by established practices and the urgent
development problems that need to be addressed. Private
sector investors, quite appropriately, seek a reasonable
return on their investment. W|thout this, in the face of
increasingly competitivemarkets, theywill go out of busi-
ness.
Investment in ICTs competes with other investments
necessary for addressing development goals.This compe-
tition has sometimes suggested that there is an ‘either -
or’question to be resolved before substantial investments
in ICTs or related capabilities can be decided upon. A key
message of this report is that combining existing social
and technological capabilities is likely to produce spin-
o¡s in terms of social and economic value. The tensions
created by competing investment priorities will not dis-
appear. However, it is more productive to view the use of
ICTs as an enabler of development and a source of skills
and capabilities that can make a contribution in many
di¡erent development contexts, than as an isolated sector
for investment.This is a strong argument for establishing
an e¡ective ICTstrategy.
To take advantage of the scope for action created by
advanced microelectronics-based ICTs, decision-makers
in developing countries can bene¢t from what has
already been learned about innovation and the use of new
technology. This ‘source book’ is intended to bring
together some of the recent literature in this area.A parti-
cularly important theme in this literature is that new tech-
nologies are incorporated into people’s lives through
individual and organisational learning, adaptation,
accommodation, and resistance. These processes create
many opportunities to harness ICTs to development
objectives.
Studies of innovation and technological change suggest
four particularly relevant insights: 1) success depends on
continuous investment in both the technological and the
social infrastructure, 2)organisationalchangeand£exibil-
ity go hand-in-hand with new modes and methods of
learningwhich are essential to using newICT applications
e¡ectively, 3) the capabilities to develop and use tacit
knowledge (or local experience) are as important as the
new techniques for accumulating ‘digital’ information,
and 4) the innovation and di¡usion of new technologies
like ICTs is never smooth or uninterrupted. Historical
practices and routines, and the occurrence of social,
economic andpolitical events,make theprocess of innova-
tion highly unpredictable and therefore uncertain.
Decisions about ICTswill have to be takenwithout a high
degree of assurance that the results will be bene¢cial.
These insights suggest that knowledge-based develop-
ment involves learning how to recon¢gure existing tech-
nological and social capabilities and to restructure
institutional arrangements to create incentives for contin-
uous learning. Shulin Gu argues, for example, that in
China the national innovation system is successfully
combining indigenous and external capabilities to
strengthen thecontributionofICTsto thecountry’s devel-
opment process (Gu 1995, 1996). Knowledge-based
development is an intricate process of weaving together
the social and technological components to create a
national information infrastructure.
In this weaving process, some combinations of tacit
knowledge, ‘digital’ information, network components,
and other social, cultural, and economic resources yield
more positive social and economic outcomes for develop-
ing countries than others. The challenge for policy
makers, business managers, workers, and citizens, in
developing countries is to integrate (and combine)
human and technological capabilities in productive ways.
There are no hard and fast rules and each country will
followadistinctivepath.Nationaland regionalICT strate-
gies can provide a framework for identifying and selecting
those pathways and establishing priorities for progressing
along them. Strategies for building national information
infrastructures must be more than statements about what
might be done.They must be action-oriented and appro-
priately funded.
13.3 Prospects for successful ICTstrategies
A successful ICTstrategy involves a dynamic accumula-
tion of skills and knowledge that has a major impact on
development goals and aspirations. The prospects for a
major impact di¡er depending on the level of resources
that can be committed, the coherence of the policy frame-
work in which the strategy is embedded, and the social
capabilities of the country attempting to implement the
strategy. The countries that have been successful in the
past in addressing development problems are also likely
to have success in their development of an ICTstrategy.
For other countries, an ICTstrategy will be as great or a
greater challenge than strategies in other areas, and the
prospects of success are not as good.The least developed
countries face the very di⁄cult challenge of de¢ning a
257
13 Tools for ‘knowledge societies’
strategy that can make the most e¡ective use of extremely
limited resources to achieve their objectives.
13.3.1 The newly industrialising countries
In theFirstT|er countries and territories,HongKong, the
Republic of Korea, Singapore, and Taiwan (Pr. China)
access to ICTs is rapidly converging to levels that have
been attained in the industrialisedworld and these coun-
tries are actively engaging in the knowledge-based devel-
opment process. The Second T|er countries (Indonesia,
Malaysia and Thailand) are ‘catching up’ reasonably
quickly. For these countries, sustaining ‘knowledge socie-
ties’ involves three issues in addition to maintenance of
their current rates of investment.
First, for all these countries, sustaining progress toward
knowledge-based societies will depend on how tensions
are resolved and opportunities are developed as a result
of the interaction between their cultures and modes of
social organisation and those which are becoming predo-
minant in the emerging global information society.
Second, these countries share with the industrialised
world the problems of increasing the £exibility of their
institutional infrastructures to cope with important
governance issues, including intellectual property protec-
tion, the security of commercial information, and the
protection of individual privacy.Third, all these countries
face the challenge of matching their export-oriented
goals for ICTproducts and serviceswith the development
of opportunities for broader domestic use of ICTs. For
example, they will need to introduce policies and regula-
tions that enable them to produce competitively priced,
high-quality ICT-related products and services that are
attractive to people in their own countries as well as over-
seas. The long-term success of ICT strategies in these
countries, and in the region as a whole, is likely to hinge
onwhether they can realise their goals of becoming regio-
nal ‘hubs’or centres for highly sophisticated ICT applica-
tions and for problem-solving expertise.
13.3.2 The larger middle income countries
and some smaller island countries
The larger developing countries, some of the wealthier
island economies, and the countries with economies in
transition, are moderately well-positioned to harness
ICTs to their development goals.Their current strengths
andweaknesses di¡er as measured by the INfrastructure,
EXperience, Skills and Knowledge indicators (see
Chapter 2).They generally have not achieved a very wide
spread of infrastructure ‘tools’ and, therefore, their
prospects are onlymoderatelygood in terms of developing
e¡ective ICTstrategies. However, in most cases they have
abase of accumulated social and technological capabilities
uponwhich tobuild their national information infrastruc-
tures. Like the newly industrialising countries, this
group of countries also will need to address the three
issues mentioned above.
For both of these groups of countries, ICT strategies
cannot be expected to eradicate poverty over the next
decade,andthere is a riskthatnewpolicies and investment
in ICTapplicationswill introduce new forces of exclusion.
Some people will be left out and others will be excluded
because resources cannot be extended to provide training,
retraining, and lifelong learning opportunities to every-
one. ICTstrategies will not overcome all the ‘dualities’ of
development.
For these developing countries, building innovative
‘knowledge societies’ involves initiatives in two major
areas - developing the underlying ICT infrastructure,
and creating conditions that will encourage the build-up
of social capabilities in selected areas.
Developing the underlying ICTinfrastructure
ICT investments are enabled and accelerated by rapid
economic growth. The First T|er newly industrialising
countries have adopted an export-led strategy for the
production of ICTs and are beginning to show indications
of increasing domestic ICTuse as well. In many of the
middle income countries, the absence of signi¢cant
production capabilities has not slowed down their invest-
ment in ICTs. However, it presents severe problems in
mobilising the accompanying investment in other types
of technical infrastructure and in the social capabilities to
fully employ the ICT infrastructure investment. In both
groups of countries, the di¡usion of the telecommunica-
tion infrastructure is ‘catching up’ with the industrialised
countries.The rates of investment will need to be main-
tained, and in some cases increased, if the ‘one telephone
- one household’ model of the industrialised countries is
to be replicated.Even if alternativemodels are introduced,
sustaining current rates of investment will depend
heavily on trade, on whether privatisation strategies are
handled well, and on the e¡ectiveness of the new regula-
tory institutions.
Investment in both the telecommunication infrastructure
and information technology products and services, will
occur increasingly in a commercial framework where
returns are expected to be competitive with alternative
investments. It will also take place in a context where
markets are becoming more open to global suppliers.The
ICTusers in these countries are very heterogeneous and
their needs and requirements for the ICT ‘tools’ vary
considerably. Regulatory measures will need to be sensi-
tive both to the social uses of the ICT infrastructure and
to business needs.
Choices will have to be made about the priorities for
promoting access to ICT infrastructures for the scienti¢c
andtechnical researchcommunity,forbusinesses, citizens
and community groups, schools, government depart-
ments, and public service providers.The process of arriv-
ing at a decision about the de¢nition and implementation
of ‘universalaccess’to thenational information infrastruc-
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turewill need to involve suppliers and the representatives
of the many user communities.
Developing the social capabilities for knowledge-
based development
Investment in the ICT infrastructure needs to occur in
parallel with investment in the social capabilities arising
from the institutional and social infrastructure, including
education andtechnical knowledge,aswell as thepolitical,
economic, cultural, and social institutions of developing
countries. As innovative ‘knowledge societies’ emerge,
this infrastructure will continually change involving new
approaches to education, new types of jobs, new modes
of cultural expression, the formation of new social
networks, and changes in market relationships.
To build social capabilities, requires anunderstanding ofa
country’s strengths and weaknesses in the key areas that
must be combined to enable knowledge-based develop-
ment. Experience and skills are needed to develop social
capabilities.The First T|er industrialising countries may
have experienced substantial spill-overs from their parti-
cipation in ICTproduction,partlybecause of their invest-
ment in the technical education necessary to achieve
their positions in export markets. Many of the middle
income countries (particularly the economies in transi-
tion) have achieved a high level of technical education. At
present, the available models are inadequate to explain
how experience and skills support knowledge develop-
ment. In addition, the available aggregate data do not
re£ect the variety or nuances of the distribution of skills
and experience within developing countries. The aggre-
gate indicators are inadequate for specifying how experi-
ence and skills can best be strengthened to produce
substantial spill-overs for the rest of the economy. This
means that new measurement techniques and indicators
will be needed to establish links between skills, experi-
ence, and knowledge generation in the use of ICTs in
developing countries.
Although there is uncertaintyabout the bestmixof invest-
ment in infrastructure and social capabilities, it is very
clear that a range of new skills is needed to use ICTs to
participate in knowledge-based development. Special-
ised skills are needed, as are generalised learning, and
information and communication skills. The latter two
appear to have ‘a more enduring value, enabling indivi-
duals to adapt to changing patterns of demand.’
(Freeman and Soete 1994: 156).There is a risk that those
who gain access to skills and training, and especially
young people, will move on to more highly paid jobs in
other countries. But there is also some, still very limited
andanecdotal,evidence that acombinationof teleworking,
increased tradability of services, and inward or return
migration, will help to stem the outward £ow of capabil-
ities. On the basis of evidence so far, this possibility is un-
likely to provide solutions to unemployment in the short-
or medium-term for most developing countries.
Substantial risks will be borne by some workers, and in
many cases, shared unevenly between men and women.
However, for some developing countries, the new forms
of distance working and increasing trade in high value
added services will create new employment opportunties.
The newly industrialising countries, the middle income,
and wealthier smaller island countries have varying
capabilities for developing knowledge-based societies.
Nevertheless, there will be a continuing need to guard
against unbalanced growth and to take steps to ensure
that ‘zones of silence’ do not grow in size or emerge in
new areas within their societies.
13.3.3 Choices for the least developed
countries
For the least developed countries, the prospects for creat-
ing a comprehensive ICTstrategy addressing the range of
issues discussed above are extremely limited. Limitations
in resources,previous experience, and existing infrastruc-
ture, combine to severely constrain the options for these
countries. The challenge is to focus or ‘target’ strategies
toward outcomes that can be a¡ordably achieved and that
will sustainmovementtowardful¢llingtheir development
objectives.
All forms of ICT infrastructure are spread thinly and
unevenly in the least developed countries. On the one
hand, this means that lack of access will continue to be a
substantialproblemre£ectingtheverylimited investment
resources of these countries. On the other hand, the
constraints to access challenge decision-makers to ensure
that ICTstrategies result in the more intensive and e¡ec-
tive use of what is available. This may be achieved by
designing new ICT systems that will play a key role in
building the national information infrastructure in a
country. For example, systems for the distribution of
medical knowledge, systems for disaster assistance, coor-
dination of environmental protection, and the supply of
carefully designed resources for education, are applica-
tionswhere thebene¢tsmayjustifythe costs of implemen-
tation even in the very low income countries.
W|th regard to ICTs that are more widely di¡used in
wealthier countries, such as telephones and personal
computers, the least developed countries face enormous
challenges. These countries are generally unattractive
destinations for foreign investment because of their
poverty and their very limited capabilities for mobilising
domestic resources for investment in these technologies.
These resources are likely to become even more limited
given proposals for changes in the international telecom-
munication governance system that will reduce the
inward £ow of foreign currency from international tele-
communication services.
One response in these circumstances is to develop sites
where telecommunication and computing services are
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adequate to sustain international business. Responses can
be drawn from the experiences of other developing coun-
tries (and the rural or remote regions of some of the indus-
trialised countries) where ICTs are being introduced to
empowerlocal communitygroups.Forexample,the intro-
duction of ‘telecottages’ in parts of Asia and Africa is
helping to broaden access to a variety of ICT ‘tools’ and
information. Community networks are being introduced
with public access points in locations such as schools,
libraries, community centres, or churches. A ‘one-stop-
shop’ concept is being introduced in South Africa where
basic development information, statistics, and trans-
actions relevant to citizens, are being computerised and
made accessible via kiosks and terminals located in
communities. Even these initiatives are likely to present
major ¢nancial challenges due to the costs of developing
the social, as well as the technological capabilities.Ways
will need to be found to ensure that these initiatives are
not ‘one-o¡’demonstration projects that terminate when
programme funds are exhausted or with the departure of
key people.
13.4 Building on strengths through
coordinated action
Investment in the accumulation of technology and skills
does not guarantee that strategies for building innovative
‘knowledge societies’ will be e¡ective or coherent. Even
strategies that are developed with care and pursued
intensively may become ine¡ective if priorities are not
established or there are unexpectedpressures in the exter-
nal environment. If ICTstrategies are to be e¡ective, they
need to be institutionalised and perpetuated.This means
that it is necessary to create ‘virtuous circles’ of positive
reinforcement and incentives for the participating actors
to maintain their commitment.These processes of rein-
forcement require the establishment of e¡ective
coordination mechanisms.
Some models of development primarily emphasise the
need for market-led development. In these models, the
market provides the primary means of coordination with
a limited role for governments to facilitate this coordina-
tion process. Other stakeholders, such as citizens groups,
women’s groups, non-governmental organisations, and
labour organisations are involved mainly through their
representation in the political processes that underlie
regulation and government programmes. The degree of
their involvement varies, and generally occurs after most
of the signi¢cant technological design decisions have
been made and after the education and training curricula
that provide a basis for learning have been established.
Entrepreneurial activity is expected tomobilise the neces-
sary resources for growth, and growth is expected to
improve economic and social conditions.
This model plays a very important role in countering the
bureaucratic inertia and ine⁄ciency of many govern-
ments. However, the coordinating capabilities of markets
are limited.They su¡er from imperfections arising from
the uneven distribution of resources, and from the di¡er-
ent capacities of market players to exploit market power
or mobilise government regulation in their interest. In
addition, in the highly uncertain environment of rapid
technological change, markets may deliver coordination
solutions that do not address important social objectives.
Therefore, market-led development cannot always be
relied upon to deliver the ¢nancial, technological, and
social resources necessary for building innovative ‘know-
ledge societies’.
A ‘new’ development model is emerging that recognises
many of the de¢ciencies of the older model. This newer
model focuses on partnerships among stakeholders in
the knowledge-based development process (Talero and
Gaudette 1995). New partnerships are being forged
withindevelopingcountriesbetweenpublic sector organi-
sations and the business sector. Firms are becoming
networked across theworldwithpartners in industrialised
and developing countries. Business groups are diversify-
ing into the production of ICTs in many developing
regions, often with the explicit promotional e¡orts of
governments. There are many instances where they are
also successfully entering information services, and
audiovisual and multimedia software markets for enter-
tainment and education products. Governments and
¢rms are working more closely with users in their local
communities to create a greater awareness of the possible
contributions of ICTs to their activities. In these cases,
governments areplayingavital role,notonly in facilitating
market-led initiatives, but in initiating the process of
capability-building and in coordinating the actions of a
large number of interested stakeholders.
Much of the activity in these new partnerships has been
undertakenwith a renewed commitment to making posi-
tive and constructive changes. At this stage, little is
known about which initiatives are likely to be most suc-
cessful or whether these partnerships enhance or detract
from other initiatives in developing countries.These new
partnerships are encouragingnew ‘coalitions of resources’
and they are introducing mechanisms for ¢nancing the
build up of ICT-related social and technological capabil-
ities in some developing countries.
For the leastdevelopedcountries knowledge-based devel-
opment is likely to be feasible only if initiatives are taken
to develop new models justifying investment in their
national information infrastructures. The greatest need
for these countries is to devise models that will enable
limited investment in human and technical capabilities
to have an enduring catalytic e¡ect in addressing priority
development needs associated with poverty and environ-
mental problems. For example, in the development of
infrastructure, considerable attention needs to be given
to the problem of negotiating the best arrangements for
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the investment that is undertaken. This may involve a
greater commitment to traditional technical training and
to a newset of skills formanaging the institutional, regula-
tory, and technological dimensions of the ICT selection
process.The options for developing ‘digital’ information
resources also could be addressed.These might include,
forexample,negotiatingdirectlywithintellectualproperty
rights holders for favourable country-wide licences. Such
negotiations can be pursued for software (for example,
operating systems) or services (for example, remote
sensing satellite services) that are deemed to be ‘essential’.
This strategymayencourage competition among interna-
tional information suppliers to achieve favourable terms
forsupplyingtheirproducts insomecountries.In realising
the spill-overs from investment, the new partnerships,
and newapproaches to negotiation, explicit consideration
will need to be given tohow thebene¢ts canbe distributed
as broadly as possible throughout these countries.
13.5 Conclusion
There are opportunities for all countries in the coming
years to make the best use of the potential o¡ered by
ICTs to support their leading development goals. This
applies to the goals of improving the quality of life and
environmental sustainability of industrialised countries.
It also applies to thegoals ofalleviatingpovertyand contri-
buting to sustainable development in the least developed
and developing countries. Exploiting these opportunities
requires re£ection on the experience that has already
been accumulated in the use of ICTs. It also requires
renewed commitment to learn from each others’ failures
as well as successes. Many of the hopes for the social and
economic contributions of ICTs will not be realised, or
will be realised in unexpected ways that could be discon-
certing or destructive. National and regional ICT strate-
gies can provide a framework for strengthening the
likelihood of positive outcomes and minimising the risk
of negative outcomes.
To exploit these opportunities e¡ectively, it will be neces-
sary to consider the development of the ‘tools’ for trans-
forming information, experience, and skills into useful
knowledge. Some countries will be particularly advan-
taged in realising gains from these opportunities while
others are likely to be bypassed. Even in those societies
that have the least advantage, however, innovative use of
ICT ‘tools’ may provide a starting point for the develop-
ment of innovative ‘knowledge societies’.
Assembling the ‘tools’ is only part of the task facing coun-
tries as they design new or improved national ICT strate-
gies. Measures must be taken to assemble the human
capabilities and related technologies to make the best use
of the new opportunities o¡ered by ICT. This assembly
process will be market-led in many instances, but to
achieve certain social objectives and to reduce the extent
of exclusion, public initiatives will also be needed. The
purpose of this ‘source book’ is to provide access to some
of the resources necessary for achieving these goals.
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Annex 3 Summary of UNCSTD working group report
Report of theWorking Group on Information
Technology and Development
The United Nations Commission on Science and
Technology for Development (UNCSTD), Third
Session, Geneva, 12 May 1997 received the Report of the
Working Group on Information Technology and
Development. This Annex contains extracts from
‘Elements of the resolution of UNCSTD adopted at its
12-16 May 1997 session with reference to ICT and
Development’; the Executive Summary of the Report of
the Working Group; the Guidelines prepared by the
WorkingGroup for national ICTstrategies; and the list of
members of theUNCSTDWorkingGroupand lead tech-
nical institutions.
Elements of the resolution of UNCSTD
adopted at its 12-16 May 1997 session
Information and communication technologies
(ICTs) for development
1. Recommends that each developing country and
country in transition establish a national ICTstrategy
taking into account, interalia, the guidelines proposed
by the UNCSTD Working Group on Information
Technology and Development; where such strategies
already exist, they could be reviewed in the light of
these guidelines;
2. Recommends that action be taken by national
Governments to establish a task force or commission
or to ensure that an existing entity be charged with
the design of the national ICTstrategy;
3. Invites countries, in order to facilitate the exchange of
experiencesamongthematthe internationalandregio-
nal levels, to prepare a report on their ICTstrategies
for the next session of the Commission in 1999; this
report should include the priorities of each national
ICT strategy, the mechanisms for updating, and the
procedures for implementing the strategy; to enhance
the value of the reports, consideration might be given
to the organisation of workshops, all of these to be
¢nanced from extra-budgetary resources;
4. Invites relevantbodies of theUnitedNations system to
assess their capability to provide assistance and
promote cooperation in the ICT area and to suggest
areas in which they are best able to assist developing
countries and countries in transition in the design
and implementation of their national ICTstrategies;
5. Requests the secretariat of theCommission to synthe-
sise the results of these assessments and, within
existing resources, to hold an inter-agency meeting in
cooperation with the Commission to review this
synthesis;
6. Invites governments, the public and business sectors,
academia, and NGOs in industrialised countries to
engage in technological cooperation activities with
counterparts in developing countries and countries in
transition in order to facilitate their access, encourage
the use, production, and development of ICTs and to
ensure their e¡ective participation inbuilding theGII;
7. Requests the UNCSTD to identify an independent
institute to prepare a study for the next session of the
Commission on new forms of resource generation,
involving ICTs, which may support social and
economic development priorities.
Executive Summary - Report of the UNCSTD
Working Group on InformationTechnology
and Development
Insomeparts oftheworld,ICTsarecontributingtorevolu-
tionary changes in business and everyday life. Other parts
of the world, however, have hardly been touched by these
technologies.There is little question that their social and
economic potential is enormous, but so too are the risks
that those without the capabilities to design, produce,
and use the new products and service applications may
be disadvantaged or excluded from participating actively
in their local communities and in the global information
society.
The UNCSTD decided to address the ITand Develop-
ment topic at its third session in May 1997. Its Working
Group’s reviewof the evidence regarding the implications
of ICTs for developing countries and countries in transi-
tion led it to conclude that there are substantial indicators
that the new technologies are transforming some sectors
of society. There is a very great risk, however, that if
e¡ective national ICTstrategies are not put in place, the
capacity building that is needed in order to bene¢t from
these technologies may not occur.
TheWorkingGrouphas concluded thatgovernments and
other stakeholders must be called upon to design new
roles for the public and business sectors to enable ICTs to
be harnessed to economic, social, and environmental
development goals. It therefore recommends that:
] Each developing country and country in transition
establish a national ICTstrategy.Where such strategies
already exist, they should be reviewed to ensure that
they take note of the guidelines proposed by the
UNCSTDWorkingGroup;
] Immediate action be taken by national governments to
establish a task force or commission or to ensure that
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another entity is chargedwith establishing the guidelines
fornationalICTstrategies.Reviewsshouldbeundertaken
over a six-monthperiod and a report should be prepared
byeachgovernmentoutliningtheprioritiesof itsnational
ICTstrategy, the mechanisms for continuous updating,
and the procedures for implementation of the compo-
nents of the strategy. Progress on the implementation of
this recommendation should be reported to the next
session of the Commission in1999;
] Each agency of the United Nations system review the
¢nancing, production, and use of ICTs for social and
economic development in their area of responsibility.
This review should monitor the e¡ectiveness of new
forms of partnerships in the ICTarea, and address the
capability of each agency to provide technical assistance
in that area. This needs to happen so that the United
Nations system can be in the forefront in helping devel-
opingcountries andcountries in transition to implement
their national ICTstrategies.
Furthermore, the Working Group recommends that
UNCTAD prepare a study for the next session of the
Commission on the implications of new forms of revenue
generation, focusing especially on those involving ICTs
which may support social and economic development
priorities. In particular, it should report on the implica-
tions for developing countries and countries in transition
of the ongoing discussions and studies on a ‘bit tax’.
Also, theWorkingGroup suggests guidelines that should
be noted by national governments, other stakeholders,
and the agencies and organs of the United Nations
system.These are intended to help developing countries
and countries in transition design new roles for the
public and business sectors so as to enable ICTs to be
harnessed to economic, social, and environmental devel-
opment goals.
Guidelines for national ICTstrategies
The Working Group’s suggested guidelines for national
governments and agencies and organs of the United
Nations system are set out in the following sections.
E¡ectivenationalICTstrategies aimedatnational capacity
building for the NII will involve many stakeholders from
the public andbusiness sectors, and the guidelines encou-
rage new partnerships in many instances. Multinational
companies, the governments of theOECD countries and
those of the newly industrialising countries, regional
groupings, bilateral donors, and multilateral and regional
¢nancial institutions, will need to provide external
resourceswhich canbe combinedwithdomestic resources
through strengthened national ICTstrategies. All devel-
oping countries and countries in transition should note
these guidelines in developing and strengthening their
national ICTstrategies.
There is considerable potential for producing and using
ICTs for economic and social development.The following
guidelines were developed by the UNCSTD Working
Group.They are not meant to be comprehensive but are
illustrative of measures which will need to be addressed
in developing a national ICTstrategy.
Producing and using ICTs to social and economic
advantage
ICTs have huge potential for creating economic and social
bene¢ts for all citizens. They also have the potential for
widening the gap between rich and poor. To ensure that
the bene¢ts outweigh the disadvantages, it will be neces-
sary for governments, the business sector, and civil
society towork together.The followingguidelines indicate
some of the ways inwhich this can be achieved.
Suggested guidelines
National governments and other stakeholders should
ensure that:
] ICTs are used to satisfy the basic needs of all the popula-
tion and that their production and use contributes to
economic and social objectives;
] Technology assessment procedures and methodologies
are introduced to help identify and select key ICT
production sectors and to promote key user initiatives.
Feasibility, cost-e¡ectiveness, and the expected contri-
bution to development priorities should be included as
explicit selection criteria. Evaluation methods should
also be strengthened;
] Particular attention is given to promoting innovations in
ICTs, especially in hardware,which canbe implemented
in ICT systems that are used in areas without, or with
unreliable sources of, electricity and under di⁄cult
climatic or geographical conditions;
]Measures to promote and strengthen the social and
cultural diversity of content accessed via the NII and to
stimulate the production of indigenous content in
selected areas are included in national ICTstrategies;
]Measures are taken to provide access to public inform-
ation of relevance to citizens and community groups.
Such measures might include promoting public aware-
ness of ICTapplications and the potential of databases,
as well as ICTdemonstration projects;
]Where appropriate, ICTapplications are used to encou-
rage interactive relationships between governments,
local authorities, andcitizens, andwithin citizengroups.
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Developing human resources for effective national
ICTstrategies
The new ICTs are changing rapidly and new applications
are being created daily.These changes lead to continuing
changes in skill requirements. Fortunately, they also
provide new ways of creating those skills. They provide
the means for enabling lifelong learning and for improved
education, which itself can lead to improved quality of
life. A national ICTstrategy should devise ways in which
governments, businesses, and civil society can comple-
ment each other in using the new technologies to
enhance skills and education in a continuing way.
Lifelong learning must also apply to the informal sector.
Suggested guidelines
National governments and other stakeholders should
ensure that:
] The use of ICTs is encouraged at all levels of the formal
education sector and, where appropriate, special atten-
tion is given to literacy, training, language skills, and
primary education;
] Education and training programmes include scienti¢c
and technical skills, policy analysis skills, and innovation
management skills relevant to the e¡ective production
anduse of ICTs, and incorporate speci¢c plans for curri-
culum revision to introduce professional knowledge
that is relevant to both the production and the use of
ICTs in support of development goals;
] Curriculum revisions include training in methods of
technology assessment, in creative approaches to ICT
development, and in maintenance and adaptation to
local conditions, as well as training in evaluating the
viability and sustainability of export-oriented strategies
and complementary measures;
] Curriculum revisions take into account the need for
gender-speci¢c training and education regarding the
design and application of ICTs;
]Measures are introduced to address job creation and
working conditions which will contribute to sustainable
livelihoods and the promotion of new skills acquisition
through new forms of ICT-based interactive learning;
] The job creation potential of ICTs is explicitly addressed
through employment measures linked closely with
education and training policies.
Managing ICTs for development
The evidence from the introduction of ICTs into develop-
ment programmes suggests that successful programmes
requireneworganisationalforms.Successfulmanagement
requires that these organisational changes be identi¢ed
and implemented.The changes accompanying the di¡u-
sionofICTs create theneedforpeoplewho canact as inter-
mediaries able to coordinate, integrate, and disseminate
new information about the production and use of ICTs
drawn from relevant scienti¢c and technical research and
the practical experience of ICT implementation in a
variety of organisational settings. The management of
ICTs for development requires that knowledgeable
people and ICT applications be combined in ways that
support national development priorities.
Suggested guidelines
National governments and other stakeholders should
ensure that:
]Measures are taken to improve the ‘management of
change’ in all organisational settings;
]Mechanisms are introduced to compare the manage-
ment processes adopted in di¡erent countries and to
assess their strengths andweaknesses;
] The process of customising ICTs for more e¡ective use,
especiallyby the least developedcountries, marginalised
groups in rural areas, and women, is given special
attention;
]Measures that encourage continuous organisational
learning-by-doing, learning-by-using, and learning-
by-interacting are included in national ICTstrategies.
Accessing ICT networks
There are risks of social exclusion if businesses and citi-
zens do not have access to an adequate NII. The NII
needs to be designed so as to manage those risks.
Regulatory frameworks can help to promote the e⁄cient
use of private investment to extend and upgrade the NII
in linewith development priorities and to ensure integra-
tion with theGII.They can also be used to encourage the
development of an NII that is responsive to the needs of
di¡erent users, including the poorest sectors of the popu-
lation and speci¢c communities such as women’s groups.
Suggested guidelines
National governments and other stakeholders should
ensure that:
] Clear plans are devised for regulatory frameworks for
telecommunication, broadcasting, and cable television.
Regulatory frameworks should ensure that minimum
standards are inplace to achieve network interoperability
within countries andGII connectivity;
] Regulatory measures are devised to address bottlenecks
impeding e¡ective competition, createdby unfavourable
market structures;
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] Regulatory measures take account of national social and
cultural priorities as well as economic e⁄ciency consid-
erations in licensing domestic and foreign operators;
] Universal service measures and related policies are
developed, and measures to ensure that suppliers take
account of a wide range of user needs are evaluated and
introduced;
] Special attention is given to street-side ‘kiosks’ in rural
and some urban areas to provide access to networks and
services that are responsive to people’s needs. National
ICTstrategies should include measures to explore inno-
vative¢nancingarrangements involvingpublic and busi-
ness partnerships.
Promoting and financing investment in ICTs
Market mechanisms alone are unlikely to be su⁄cient to
generate adequate investment funds for developing coun-
tries and countries in transition that are seeking to
upgrade their NIIs. Governments are experimenting
with two-way investment partnerships between local and
foreign ¢rms that lead to new ICTapplications and gener-
ate spin-o¡s throughout the economy. However, these
initiatives require a pooling or coalition of resources from
the public and business sectors and this mechanism has
yet to be fully exploited.
Suggested guidelines
National governments and other stakeholders should
ensure that:
] Plans are introduced that encourage a coalition of
resources to initiate ICT production in key areas and to
provide a basis for experimental and commercial ICT
applications;
] Innovative ¢nancing arrangements are considered that
bring together ¢nancial and human resources as well as
technical contributions ‘in kind’ to provide seed capital
for innovative projects;
] Priority isgiven tomeasures to attract foreign investors to
ensure the development of the NII, including the tele-
communication infrastructure, ICTapplications invol-
ving software development, and human resource
training. Such measures may include new forms of
revenuegenerationandpublic andbusiness partnerships
to strengthen national capabilities in manufacturing,
and the adaptation and customisation of ICTs;
] The implementation of innovative pricing schemes is
encouraged, leading to stimulation of demand for
commercial services and exploration of means whereby
the most marginalised groups in society can access and
use theNII.
Creating and accessing scientific and technical
knowledge
If developing countries and countries in transition are
unable to build their ownNIIs or be part of the GII, they
willbehandicappingtheirscienti¢c andtechnical research
communities. Capacity building in the ICT ¢eld involves
the accumulation of scienti¢c and technical knowledge
that enables the assessment, selection, application, adap-
tation, and development of ICTs in ways that contribute
to equitable and sustainable development.The coordina-
tion of, and access to, expertise within, and external to,
developing countries and countries in transition need to
be strengthened. Improved ‘early warning systems’
regarding new technical, market, policy, and regulatory
developments are also needed.
Suggested guidelines
National governments and other stakeholders should
ensure that:
] Science, technology, and innovation policies are formu-
lated in the light of the new opportunities generated by
ICTs;
]Measures encourage and facilitate the establishment of
R&Dnetworks linking ICTproduction and use to prior-
ity development issues;
] Collaboration among science and technology research
groups involved in the development and application of
ICTs in developed and developing countries is encour-
aged;
] Plans aredevelopedand implemented for the dissemina-
tionof informationonR&Dnetworks, includingpromo-
tion of the use of ICTs to support these networks, for
example, the establishment of World W|de Web pages
on the Internet;
] Special attention is given to ensuring close interaction
with end-users and particularly with marginalised and
special interest groups in rural areas;
] Explicit measures are taken to encourage ‘knowledge
broker’ organisations that facilitate the generation and
application of scienti¢c and technical knowledge by
combining locally relevant expert advice with inform-
ation acquired through using ICTapplications.
Monitoring and influencing the‘rules of the game’
The international agreements, regulations, and protocols
governing the GII are in£uenced to a large extent by the
governments of the industrialised countries and compa-
nies based in those countries. The ‘rules of the game’
particularly apply in areas such as standards, intellect-
ual property rights, security, regulation, and trade.
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Developing countries and countries in transition have
inadequate resources to participate fully in setting these
rules, and they may be disadvantaged as a result.
Suggested guidelines
National governments and other stakeholders should
ensure that:
]Mechanisms are put in place to strengthen participation
in multilateral and regional fora involving the public
and business sectors;
]Measures are taken tosupportmonitoringandanalysis of
developments in these fora that a¡ect the potential for
the production of ICTs in the national context;
] Specialattention isgiven tomonitoringandanalysingthe
impact of developments in international or regional fora
that a¡ect the transfer, customisation, and use of ICTs
in domestic markets;
] Theemerging‘rules ofthegame’areassessedparticularly
to ensure that new competitive and cooperation oppor-
tunities are recognised and initiatives taken to bene¢t
from them.
Guidelines for the United Nations system and ICTs
and development
On behalf of theUNCSTDWorkingGroup, a reviewwas
conducted by UNCTAD of the ICT-related activities of
the agencies of theUnitedNations system.These agencies
play an important role in facilitating the development of
national ICT strategies and in supporting practical
programmes for ICTproduction and use. Six broad areas
of current activity were identi¢ed: the application of ICTs
indevelopingcountries atnational, regional, and commu-
nity levels, often linked to United Nations-sponsored
technical cooperation programmes; local capacity-build-
ing, mainly in terms of upgrading infrastructure, includ-
ing supporting telecommunication network upgrading
programmes in low-income countries, and facilitating
access toICTs;research,mainlyonICTsand development,
the ICT revolution, the social and economic impact of
ICTs, and ICTs in relation to the specialised areas of
competencewithin theUnitedNations system;facilitating
connectivity to global networking; software development
focusing on the needs of developing countries and coun-
tries in transition; and creatingdatabases for use by coun-
tries or the United Nations organisations themselves in
planning development programmes. Support is provided
through advisory services and contributions to national
capacity building, which help to facilitate e¡orts to
strengthen NIIs. United Nations agencies are active in
ICT policy and strategy formulation, providing expertise
to interested countries or interested parties within coun-
tries.
These activities vary from one agency to another and in-
depth reviews will be necessary to assess fully the extent
to which each agency’s activities adequately address the
needs and requirements of developing countries and
countries in transition. Nevertheless, as an international
body with analytical capacity, the United Nations is in a
unique position to identify the policy, institutional, legal,
and regulatory changes needed to create a national ICT
strategy. Its activities can also facilitate access to the GII
by helping to establish networks which allow users in
developing countries and countries in transition to
access information, clients, and resources world-wide.
The UNCTAD review revealed considerable di¡erences
in the way, and the extent to which, individual agencies
are using ICTs to improve their internal e⁄ciency.There
is a need to optimise the use of these technologies in tech-
nical assistance programmes in order to help developing
countries and countries in transition to gain access to the
GII. The ICT development lessons need to be learned
from each agency’s experiences and this knowledge
needs to be disseminated more widely.
The adoption of national ICT strategies by developing
countries and countries in transitionwill lead to changed
development priorities and needs. The United Nations
system will need to ensure that it is in a position to
respond to requests for assistance in these new activities.
Suggested guidelines
The agencies and organs of the United Nations system
should:
] Review their own use of ICTs in achieving greater e⁄-
ciency in their operations. United Nations system use
should match that of the business sector and national
governments;
] Review their own capabilities in using ICTs for develop-
ment activities relevant to their mandates, and upgrade
these capabilities as necessary in order to support
national e¡orts to strengthen local ICT capabilities;
] Implementmeasures thatenable thewealthofknowledge
andexperiencewithin theUnitedNations systemregard-
ing the use of ICTs for social and economic development
to be systematised and disseminated in a much more
vigorous way. A percentage of the resources for each
project should be devoted to learning the development
lessons and to disseminating this knowledge.
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Annex 5 Glossary
Address: An identi¢able location. A location within
memory.A locationofanodewithinanetwork.A refer-
ence to a particular point within a computer or
network environment. Away of identifying a network,
subnetwork, or node.
Backbone:Ageneric term that is used to refer to a set of
nodes and links connected together comprising a
network.
Bandwidth:The range of frequencies transmitted e¡ec-
tively on a channel, that is the di¡erence between the
highest and lowest frequencies transmitted across a
channel.
Bit/Byte: All computer data is composed of electrical
pulses calledbits (binarydigits).Eachpulse represents
a single digit of data. A group of eight bits is called a
byte. Bytes are measured in units of a thousand, thus
kilobytes.
Bitnet: A world-wide network connecting more than
1,000 academic and research institutions in more
than 40 countries. It is a store-and-forward, email-
based networkwith limited connection to the Internet.
Bit rate:The rate atwhich bits are transmitted through a
network, typically in seconds.
Browsers:Browsers canbeused toviewWorldW|deWeb
documents prepared in hypertext markup language
(HTML).
BulletinBoard:Asystemwithacomputer,modem,and
telephone line that acts as a central point for informa-
tion exchange. It can be used for electronic mail and
for storing ¢les that can be downloaded.
CD-ROM: Compact disc/read-only memory. A high
density storage medium on which electronic data are
etched and read by a laser beam.
Cellular Telephone Service: Communication
service using mobile telephones with radio waves as
the transmission medium. The service provider’s
computer equipment switches the radio frequencies
as the caller moves from one geographical district (or
cell) to another.
Channel: A link between two terminals over which the
users at each end can communicate with each other.
Desktop Publishing (DTP):Publishingbymeans ofa
personal computer. DTP synthesises the capabilities
of typesetting, graphic design, book production, and
platemaking into one integrated, cost-e¡ective hard-
ware and software con¢guration.
Digital Signal:Anelectrical signalmade upofdiscrete
pulses coded to represent information.
Digital Switch:Adevice for making switched connec-
tions between circuits to establish transmission paths
for digital data transmission. Connections are made
by processing digital rather than analogue signals.
DynamicRandomAccessMemory (DRAM):Lower
cost main memory than other types of computer
short-term memory (or the electronic ‘work space’) in
which software programmes and data reside while
they are active.
Electronic Data Interchange (EDI): Enables
computers of di¡erent types to send and receive
information directly. Rather than communicating
directly, a trusted third-party service provider usually
acts as a store-and-forward mailbox to guarantee and
provide backup facilities.
Electronic Mail: Computer-based messaging. The
transmission of letters and messages from computer
to computer over a network.
Fibre Optic Cable: A type of transmission medium
replacing coaxial cable in many regions. Fibre optic
cable is made of thin ¢laments of glass or plastic
through which a light beam is transmitted carrying
information as pulses of light.
FIDONET: Computerised bulletin board service that
uses dial-up telephone lines and high-speed modems
to transmit electronic messages.
File Transfer Protocol (FTP): Allows users to
exchange ¢les between their workstations and remote
computers connected to the Internet.
Hard disk: A hardware component of a computer used
for storing software, applications, and data. It has a
higher capacity and faster speed than a £oppy disk.
Homepage (WebPage):Apageof informationaccessible
through theWorldW|deWeb.The page can contain a
mixture of graphics and text, and embedded references
to other pages.
Host: Any device on a Transmission Control Protocol /
Internet Protocol (TCP/IP) network that has an
InternetProtocol address.Also anynetwork-addressa-
ble device on any network.
Hypertext Markup Language (HTML): The
language used to createWorldW|deWebpages specify-
ing font size and colour, background, graphics, and
positioning.
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Interface: A speci¢cation of rules by which interaction
between two separate functional units operates to
conformwithoverallsystemrequirements.Aninterface
speci¢cation may include logical, electrical, and
mechanical speci¢cations.
Internet: A collection of computer networks connected
togetherspanningtheglobe.Provides access to compu-
ters, electronic mail, bulletin boards, databases, and
discussion groups, all using theTransmission Control
Protocol/Internet Protocol (TCP/IP).
InternetServiceProvider:Organisationorabusiness
providing access to the Internet.
Internet Protocol (IP): The particular part of the
Transmission Control Protocol/Internet Protocol
(TCP/IP) suite of protocols that handles routing of
data.
Integrated Services Digital Network (ISDN):
A set of standards de¢ned by the International Tele-
communication Union that de¢nes a type of digital
telecommunication service allowing the integrated
transmission of voice, data, and still pictures in digital
form.
Kbps, Mbps: Kilobits per second, megabits per second.
Refer to units of data volume and are measures of the
speed of transmission of digital data.
Low Earth Orbiting Satellite (LEOS): Low alti-
tude orbiting micro-satellites which require only a
small transmitter and lightweight tracking aerial to
connectwith the satellite.
LocalAreaNetwork (LAN):Amethodofconnecting
computers, peripherals, and communication equip-
ment within a restricted locality, such as a building or
university campus.
Mailing List: Internet users in a group devoted to a
particular topic.
Modem: A device that converts digital signals into ana-
logue signals and vice versa, linking a computer or a
terminal to an analogue telephone.The term modem
is a contraction of modulator/demodulator.
Multimedia: Combination of many media using, for
example, sound, pictures, and text.
Network: A collection of computers and related devices
connected in such a way that users can share software
andhardware(forexample,printers)and communicate
with each other.
On-line: The ‘state’ of being connected, either via a
modem or a dedicated line, to a distant database or to
another computer using a network.
PublicSwitchedTelephoneNetwork: Includesthe
telephones, local lines, exchanges, and the long
distance transmissionfacilities thatmakeupanetwork.
Semiconductor: In electronics, a material with a
conductivity midway between an insulator and a good
conductor. The conductivity is sensitive to tempera-
ture, radiation, and the presence of impurities.
Smart card: Single chip-based plastics cards. Memory
cards only store values while ‘intelligent’ cards have a
central processing unit to manage several applications
and can provide password restriction.
Software:Theapplications,data,andoperating systems
associatedwith computer systems.
Switch: Switching equipment directs communication
tra⁄c to alternative transmission routes.
Telnet: The Internet standard protocol for a remote
terminal connection service used for logging into and
searching other computers connected to the Internet.
Transmission Control Protocol/Internet Pro-
tocol (TCP/IP): A full-time, interactive Internet
connection protocol.
Traffic:Thedataonanetworkbackboneat agivenperiod
of time.
Usenet:Alarge collectionofelectronicdiscussiongroups
each centred around a particular topic and usually
referred to as Newsgroups. These are accessible
through a World W|de Web browser rather than
email-basedmailing lists.
Very Small Aperture Terminal (VSAT): A type of
terminal used to receive satellite signals.
Videotex:Generictermforatwo-wayinformationretrie-
val service using a specialised visual display terminal
or a personal computer running special software.
Wide Area Network: A data communication network
that spans any distance.
World Wide Web (WWW): An Internet service that
organises information using hypermedia. Each docu-
ment can contain embedded references to images,
audio, or other documents.
Glossary
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Annex 6 Acronyms
4GL................. FourthGenerationLanguage
ABU................ Asia Paci¢cBroadcastingUnion
Acacia .............. IDRC initiative for Communities
and the Information Society in
Africa
ACASIA ........... Southeast AsianCarrier (Acasia
Communications)
ACIS ............... Advanced Cargo Information
System
AISI ................ African Information Society
Initiative
AMIC .............. AsianMass Communication
Research and InformationCentre
AMT ............... AdvancedManufacturing
Technologies
APC ................ Association for Progressive
Communications
APCTT............ Asia and Paci¢c Centre forTransfer of
Technology
APEC............... Asia Paci¢c Economic Cooperation
APII ................ Asia Paci¢c Information
Infrastructure
ARPA............... Advanced Research Projects Agency
ARSENATE ...... Fidonet network supported by
Canadian International
Development Agency (CIDA)
ASEAN ............ Association of South East Asian
Nations
ASIC................ Application Speci¢c Integrated
Circuits
ASYCUDA........ Automated System for Customs
Data
ATM................ AsynchronousTransferMode
ATT ................ AdvancedTransport Telematics
BLT................. Build-Lease-Transfer
BNDES............ BrazilianNational Bank for Social
and EconomicDevelopment
BOO................ Build-Operate-Own
BOT................ Build-Operate-Transfer
BT .................. BritishTelecom
BTEC .............. Business andTechnical Education
Council
C-DOT ............ Centre for theDevelopment of
Telematics
CABECA .......... Capacity Building for Electronic
Communication inAfrica
CAD................ Computer-Aided-Design
CAGR.............. CompoundAnnualGrowthRate
CALS............... Computer-AidedAcquisition and
Logistics Support
CAM................ Computer-Aided-Manufacturing
CARICOM ........ CaribbeanCommonMarket
CAS ................. Chinese Academy of Science
CASE ............... ComputerAided Software
Engineering
CAST............... Chinese Academy of Satellite
Technology
CATV............... CableTelevision
CCLOW............ CanadianCongress for Learning
Opportunities forWomen
CD-ROM.......... CompactDisc-ReadOnlyMemory
CDMA ............. CodeDivisionMultiple Access
CEE ................. Central and East European
(countries)
CERNET .......... China Education andResearch
Network Project
CICC................ Centre for International
Cooperation in Computerisation
CIM................. Computer Integrated
Manufacturing
CITEL ............. Inter-American
Telecommunications Commission
CMC................ ComputerMaintenance
Corporation
CNC ................ ComputerNumerical Control
CNPq ...............National Council for Scienti¢c and
TechnologicalDevelopment
(Brazil)
COCI ............... Committee onCulture and
Information
COLCIENCIAS.. InstitutoColombiano para el
Desarrollo de la Ciencia y la
Tecnolog|¤ a (Colombia)
COPINE ........... Cooperative InformationNetwork
Linking Scientists, Educators,
Professionals, andDecision-Makers
in Africa
CoPS ................ Complex Products and Systems
CREAD ............ Inter-AmericanDistance Education
Consortium
CRNet .............. RedNacional de Investigacio¤ n de
Costa Rica
CRS................. Computer Reservation System
CRT................. Computer ReservationTerminal
CTI.................. FoundationTechnological Centre
for Informatics (Brazil)
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DBS ................ Direct Broadcast Satellite
DFH................ DongFengHong (China’s satellite)
DMFAS............ DebtManagement andFinancial
Analysis System
DNC................ DirectNumerical Control
DNS................ DomainName System
DoT................. Department ofTelecommunications
(India)
DRAM............. Dynamic RandomAccessMemories
DSTI ............... Directorate for Science and
Technology (OECD)
DTH ............... Direct toHome (satellite)
DTT................ Digital Terrestrial Television
DVD................ Digital VersatileDiscs
EBRD.............. EuropeanBank for Reconstruction
andDevelopment
ECOSOC .......... Economic andSocialCouncil (United
Nations)
EDI ................. ElectronicData Interchange
EDP ................ ElectronicData Processing
EDUNET ......... Education Support TrustNetwork
(Pakistan)
EIS.................. European Information Society
EMIS............... EducationManagement Information
System
ENRIN ............ Environment andNatural Resource
InformationNetworks
ERNET............ Educational andResearchNetwork
ESA................. European Space Agency
ESANET .......... Eastern Southern AfricanNetwork
EURIM............ European InformaticsMarket
FINEP ............. FinancingAgency for Studies and
Projects
FLAG .............. FibreLinkAround theGlobe
FM.................. FrequencyModulation
FMS................ FlexibleManufacturing Systems
FTZ ................ FreeTrade Zone
GATS .............. General Agreement onTrade in
Services
GATT.............. General Agreement onTari¡s and
Trade
GDP................ GrossDomestic Product
GEO................ GeostationaryOrbit
GICI................ Global Information and
Communication Infrastructure
GII .................. Global Information Infrastructure
GIIC ................Global Information Infrastructure
Commission
GIS..................Global Information Society
GIS..................Geographic Information System
(Chapter 5)
GLOB-TED.......GlobalTechnology and Economic
Development
GMPCS............GlobalMobile Personal
Communication Service
GNP ................GrossNational Product
GNSS...............GlobalNavigation Satellite System
GPS .................Global Positioning System
GRID...............Global Resource Information
Database
GSM................Global System forMobile
Communications
HBF ................Hoso Bunka Foundation (Japan)
HCI .................Heavy andChemical Industries
HDTV..............HighDe¢nitionTelevision
HEO ................High EarthOrbiting Satellites
HF .................. HighFrequency
IAMCR............. International Association forMedia
andCommunication Research
IANA ............... Internet AssignmentNumber
Authority
IBRD ............... InternationalBankforReconstruction
andDevelopment
ICCP................ Information, Computer, and
Communication Policy Committee
(OECD)
ICE.................. Identi¢cationCodingEmbedded
(Chapter10)
ICE.................. IntegratedCircuit Engineering
(Chapter 7)
ICT.................. Information andCommunication
Technology
IDC ................. InternationalData Corporation
IDRC ............... InternationalDevelopment Research
Centre
IEC.................. International Electrotechnical
Commission
IFC.................. International FinanceCorporation
IFIAS ............... International Federation of Institutes
for Advanced Study
IFPI ................. International Federation of the
Phonographic Industry
Acronyms
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IIC .................. Institute for International
Communication
IIPA................. International Intellectual Property
Alliance
IITF ................ Information InfrastructureTaskForce
(US)
IMF ................ InternationalMonetary Fund
IMRP2............. Integrated ProductionManagement
Systems
infoDev............. Information forDevelopment
Program (World Bank)
INFOTERRA .... Global Environmental Information
ExchangeNetwork
INMARSAT...... InternationalMaritime Satellite
Organisation
INTELSAT....... InternationalTelecommunication
Satellite Organisation
INTUG............ InternationalTelecommunication
UsersGroup
IP.................... Internet Protocol
IPR ................. Intellectual Property Rights
IPSE................ Integrated Project Support
Environment
ISDN............... Integrated ServicesDigital Network
ISO ................. InternationalOrganisation for
Standardization
ISOC ............... The Internet Society
ISP.................. Internet Service Provider
IT ................... InformationTechnology
ITA ................. InformationTechnologyAgreement
ITSI ................ InformationTechnology Services for
Industry
ITU................. InternationalTelecommunication
Union
IVANS ............. International ValueAddedNetworks
LDC................ LeastDeveloped Countries
LEOS............... LowEarthOrbit Satellite
LIS.................. Land Information System
LIUP ............... Local IndustryUpgrading
Programme
LMDS ............. LocalMultipointDistribution
Services
LRIC ............... LongRun Incremental Cost
MANGO .......... Microcomputer Access forNGOs
(Zimbabwe)
MAST ............. Measures A¡ecting ServiceTrade
MCI ................ MicrowaveCommunications Inc
MCST ..............Malta Council for Science and
Technology
MEI .................Ministry of Electronic Industries
(China)
MEOS ..............MediumEarthOrbit Satellite
MIGA ..............Multilateral InsuranceGuarantee
Association
MINICOM........Ministry ofCommunications (Brazil)
MOS ................Metal Oxide Semiconductor
MPT................Ministry of Posts and
Telecommunications (China)
MSC ................Multi-Media Super Corridor
NAFTA.............North American FreeTrade
Agreement
NASSCOM........National Association of Software and
ServiceCompanies (India)
NCB ................National Computer Board
(Singapore)
NCCIT .............National Consultative Committee on
InformationTechnology (Malaysia)
NCET ..............National Council for Educational
Technology (UK)
NCVQ ..............National Council forVocational
Quali¢cations (UK)
NDPCAL..........NationalDevelopmentProgramme in
Computer AssistedLearning (UK)
NGO................Non-Governmental Organisation
NGONET ......... (Global informationbroker service for
SouthernNGOs)
NIC .................Newly IndustrialisingCountries
NICNET...........National InformaticsCentreNetwork
(India)
NIE .................Newly Industrialising Economies
NII ..................National Information Infrastructure
NIS..................National Innovation System
NITC ...............National ITCouncil (Malaysia)
NLS................. oN-Line System
NVQ ................National Vocational Quali¢cation
OAS ................. Organisation of American States
ODA ................ OverseasDevelopment Agency
OECD .............. Organisation for Economic
Cooperation andDevelopment
OEEC............... Organisation for European Economic
Cooperation
OEM................ Original EquipmentManufacturers
OTA................. O⁄ce of TechnologyAssessment
(US)
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PADIS ............. PanAfricanDevelopment
Information System
PADISNET ....... PanAfricanDocumentationCentre
Network
PANA .............. PanAfricanNewsAgency
PASTE ............. Program for Recovery and Expansion
of theTelecommunications andPostal
System (Brazil)
PATU .............. PanAfricanTelecommunication
Union
POS................. Point-of-Sale
PQLI ............... PersonalQuality of Life Index
PTA................. Provincial Telecommunications
Authorities (China)
PTB ................ Provincial Telecommunications
Bureaux (China)
PTO ................ PublicTelecommunicationOperator
PTT ................ Post,Telegraph, and
Telecommunication administration
R&D ................ Research andDevelopment
RAM ............... RandomAccessMemory
RASCOM ......... Regional African Satellite
Communications Organisation
RINAF............. Regional InformaticsNetwork for
Africa
ROCE .............. Return onCapital Employed
ROT ................ Rehabilitate-Operate-Transfer
S&T ................ Science andTechnology
SADC .............. Southern AfricanDevelopment
Community
SBA................. Singapore BroadcastingAuthority
SCT ................ Secretary ofCommunications and
Transportation (Mexico)
SDH................ SynchronousDigitalHierarchy
SDNP .............. SustainableDevelopment
Networking Programme
SDO................ StandardsDevelopment
Organisations
SDZ ................ SpecialTelecommunications Zone
SEA-ME-WE ..... SouthEastAsia,MiddleEast,Western
Europe (undersea cables)
SEARCC........... SouthEast Asia Regional Computer
Confederation
SEC................. State Education Commission (China)
SITA................ Socie¤ te¤ Internationale de
Te¤ le¤ communications Ae¤ ronautiques
SME................ Small andMedium-sizedEnterprises
SPRU ............... Science Policy ResearchUnit
STARS ............. Socio-economicT|me-series Access
andRetrieval System
STNCR ............ EducationalTelecommunications
Network ofCosta Rica
STZ ................. SpecialTelecommunications Zone
(Indonesia,Malaysia, andThailand)
SWIFT............. Society forWorldwide Inter-bank
Financial Telecommunications
TCP................. TransmissionControl Protocol
TELMEX.......... Telefonos deMexico
TELWG............ TelecommunicationsWorkingGroup
TPC................. TransPaci¢c Cables
TQM................ TotalQualityManagement
TRAI ............... TelecomRegulatory Authority of
India
TRAINS ........... TradeAnalysis Information System
TRIPS.............. Agreement onTrade-Related aspects
of Intellectual Property Rights
TTP................. TrustedThird Parties
UN ..................UnitedNations
UN INSTRAW...UnitedNations International
Research andTraining Institute for
the Advancement ofWomen
UNCED ...........UnitedNations Conference on
Environment andDevelopment
UNCITRAL ......UnitedNations Commission on
InternationalTradeLaw
UNCSTD..........UnitedNations Commission on
Science andTechnology for
Development
UNCTAD..........UnitedNations Conference onTrade
andDevelopment
UNDP..............UnitedNationsDevelopment
Programme
UNECA............UnitedNations Economic
Commission for Africa
UNEP ..............UnitedNations Environment
Programme
UNESCAP ........UnitedNations Economic and Social
Commission for Asia and the Paci¢c
UNESCO ..........UnitedNations Educational,
Scienti¢c, andCultural Organization
UNIDIR ...........UnitedNations Institute for
Disarmament Research
UNIDO ............UnitedNations Industrial
DevelopmentOrganization
Acronyms
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UNITAR .......... UnitedNations Institute forTraining
andResearch
UNU/IIST........ UnitedNationsUniversity
International Institute for Software
Technology
UNU/INTECH.. UnitedNationsUniversity Institute
forNewTechnologies
UNU/ZERI....... UnitedNationsUniversity Zero
Emissions Research Initiative
URTNA ........... Union des Radiodi¡usions et
Te¤ le¤ visionsNationales d’Afrique
USTR .............. United StatesTrade Representative
UUCP.............. Unix toUnix Copy Program
VADS .............. ValueAddedData Services
vBNS............... Very-High-Performance Backbone
Network Service
VCP ................ V|deoCassette Player
VCR ................ V|deoCassette Recorder
VEC ................ V|sually EmbeddedCoding
VITA ............... Volunteers inTechnical Assistance
VLSI................ Very Large Scale Integration
VOD................ V|deo-on-Demand
VSAT............... Very Small ApertureTerminal
WARC.............. WorldAdministrative Radio
Conference (ITU)
WEDNET ........ Women’s project network for
management of natural resources
(Africa)
WIPO .............. World Intellectual Property
Organization
WMO .............. WorldMeteorological Organization
WRC ............... WorldRadioConference (ITU)
WTO ............... WorldTradeOrganisation
Y2K................. Year 2000
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